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CHonloiil asdiflcation of SEalno ^loopa in pxotvino i s knaxn to 
aitey Aicti've ps(it«ln ot^nlbxnstion %liioh haa hithosto been afttxltmtoA 
ml9ls to 9leet3O0t3tio offtects* *^ie e^ qpXanatioa hae 1»e«R -d>und to 
bo qoeotionohlo in many oaaoti* i^tfhQT^ the a«tuve of vosidual natiirt 
Ibmat ao voll aa that of l^o tiltoTe^ x«{Sion in cihonioally taodiflod 
pioteino aro losemfls vBeikno%xi to Adto* '%o faoloeular ana ieystsiolo^ocai 
pfopoftioo of difforent aoyiotod AexivoetiTM of oiraHnioin how hMn 
8:^0t«!iistioQlly in'«oQtiiate<l in nv&er to gain a pxoper tsidayotmd l^ng of 
^valbtrdn vao cshtriioeilly nioM.fiad nainr; *nr (Siffownt aoid 
m^y^ritea noraely aeotiot butyziot sal^io and smeinie ar&ydxldaa and 
t^oroby saifan aeylated o'^ ^Hntnino mkdtx em 31^ aefirt^ actodt isf^  aaoein^ 
latod« 55"^  malaylat^y 64"^  maloylatadt 90€ lititysatad* 92^ ^ auoeinylatad, 
md 95'^  aoiytyiatad pvoparstiona w^iro obtaitnad. The esetant of ctodiflai^ 
tion was dotezeiinad by ^ o nintiydxtn vaoction, The eoyXotion roaotien 
^idh pfimaslly ooeuxvod at ^ •>aEiino gzoupa d«riwd fzon ^ a lysine xaa 
daee of the pxotein vaa ooro (ipoeiflo v i ^ diaaaetioxylio aioid adiydiideo 
i«e«t !3£daio and aoeoinie oElijftAsldee ^an idtli nonooaxliexyXie aeid 
oe^ydtidesa i*a«» aoatio trnA btityvie anhydsldaa* %dth tho latteir tuo 
x«a«;ant8» mmo of tho tysi^aino resldttaa of oina.bunin \mvQ easo laodified 
in additir>n to lysine reodduos* "^e acylatad doYlvati^ ma of ovalbORiin 
%dth Te&p9et te ohcnlei^ ?^<lifioption* ^ 9 apoots^t hydaxxljiiaeiie* 
and i?»itsK>10{:«|oal psop^s^ioa of sas^fied :11a is«»aili«d o s^^ im^Uia 
vor« 0to^ed in detail* 
^oylsiSirta ^f the lyaln« iPAsiduea of o^ rml^ iunifiL p9Ttttx4>«4 Its 
ultTft'vlol^ spectra oa»^aa aask@d hyipodhz&al«a at 3^0 isa* s^ jttdaad 
by phenolic tityatioa datat 3 tyieartii© x«a&<lue9 ver« s^ raiXalil^  ibr 
aovaal tltOTcnan ^F j^u^ • 10,5) ap to tjTl 11.4 und«y natl'W ooadttlmi*. 
^n raleda/:; l^e p^ l t»m 11«4 to 11*95* 2 aOaitioaal tjm^kma y«^du«s 
b9e!x;«0 a'TOlXs^ Id t&T V9V9rsA^l9 titristioa doe to aXk^i-induoad 
eanfbxmixfcinnal i^aic^a* '^le Tffiisiial&s 5 tystoaine roaiduaa %#9m o^ iii* 
platoly in{ioe9@alt>l« and oonld bo titTect«d only imdev danatusing 
oondltlona i^ dcti i^ titidnad In a ^xtara oon^sting of 5 '? (p«^dlii« 
hy^joe^IoTld© !wi^ . 1»2 'I uroa* In tho lattar aolYant ^1 the i^«iolio 
gmvtpa of oYalbursin titsated villi a aosQcd i ^ , ^ ^ ^ a t * ^•^^^ 
Chanieail siodifi^stlon of tho Xysiae irvsldttas s i .^f ! .e^t iy alt^Md 
the tltratlrtn bali«irlor of pl!«aoXie {Hoops in oir^btir:iia asMi^iitiiiji 
ohaai^o in th@ aa^xoaaaat of tya^aiae r^eHAu^m of the pxotoln* ^ i s 
eoaolQfsioa i s ia o^ox*d vdtih that deduced fiom aeXTaat p«rtuxt>3lloa 
voaolts* 'niU3» uciinf^  disicrth^ autXSaxLde and o^^aoa i^yool ao 
pQTtuiflt^ tBt i t %Aa ^imd that ? tysosiao aad 0,5 tr^tophan xvaldiias 
of e-^islbinia «ef9 axtaoaad to tho aoX'voat tmdor atsffei'm ooadltioa«, 
fha oxtaat of oxposara iaoxteaaad to 4-»5 t^ jfioaiao and al»iit 1 tfjptom 
T>haa opoa lasdifloatloa of 18 Xyalao voolditoa of ovrslbwsla, 
ConelnBty^ o^«ianoa tor oonfijisi'Xfcloaail S^h.ini^ a la ^ o ;»^flod 
pstttolaa vas piovidod by tho ^ 1 HXtratioa aid -viaooaity leaalta. 
tnovnm® ia l^e Aegjn9« of acylrttjioo p2Ddiic«d inoxwaeftts In h^seagiiaHle 
^we&MteTQ moh. as inttlnsdle -vioeooityt litokeo rafliuet ttiettamslk 
Ta(Hd» oad axial rasfcio tntt a daoxvase la M f^fteoloa iid«ftl0i«it of the 
l>i»t;««.fi« '^U8t nfijl^i^n ef rilJotrl ^ lysine socddnde of oiralbuadJi 
e«toea ixmvma9 in Isstslnale irf^eoosity twom 3»9 ml/s Ibr th« noliim 
sisto to alJotrl 7*4 mt/g fi»r tho iia:^mall7 ao^atoA oTsAtimtliui; the 
eo«»i^naing InoxviiM la 'itok#9 rafiliia i«8 3fe©a 2«7? las to al>ot^  
7«1 na. % ooftpaarleon of tSio Intxlnele isioeoedty of aasdaally ao^HoA 
oimlbix$l&8 f^ 7»4 sjl/^ "^  with that (37 nl/g) lbun« fbr ooapletoly 
doaatiiTed eif< l^nrtin #io«ed ^at na^aally siodlflad ovalbasiia« x»tala«A 
sabstantl^a natlw v«sldttal artruetuire. hm d^ @od liy ''Aaooalty dUs^ A 
otstataed jSiy 93'^  otioGla^rlatoa o^mlbusia ixl aiffoxvat ioalo «tvea^^8« 
'^e laevease la effeotlvo hytlxodyaa^e ^Xnae vpon ehoateiCL aodilioik* 
tloa eaisaot bo attxHsotea aoloXy to oXoetxostotlQ offoeto hmmm a 
KHWimd laes«aee la loale stvoagth oould disilaldi tho mdneaA 
i^Moaity fn»a 10«9 ea/g to 6«2 eil/g» 7h« la^er lo aoaxly 90^ 
hl6^07 thaa theft: C4«2 al/g) :fbiaid tsv aatl<«o oipalhiiEila vmA<n i i s l lar 
wpwlnrntiA condition®. It wotad thuo seea «»«l la oddltloa to 
oloetfostatle latei«i0tion« nntovard etoyie of^iet ad 90 ooatxlhttted 
to tho «Mltstit>tloa of native pxotola eoafbxoatloa doriag «s;^atlea of 
ftiino 5^3R5ttt>o 0 f ovalbtsaia, 
tiaFiaiiologlosdl vsaetioao %dth eatleeva z^aed aiipilaot aiHiim 
and 95^ aeet^sated oimlbisslae etigiooted ^a^ ^ e aeetyiiited px^sunsu 
tlono ifore mtli^enleciAly tiulte diffeMKit a^oei a»fcl'«e oyalhonifi* tn 
Itfunano^ootsophorotic esqpexlaontot aiu^^e pireelpltln avoa vera 
obtednc^ vlth aoc^ ono of tho aevan aodlSLod pxaparotle^na aa veil aa 
lili|ie«t tbr 9t^ seeelii^atod ©-vfilbtnlii and Xoveot Ibr aictiv* o'voltitsislsi* 
tmwiddiffaiiion aB6 <m««ititalli>® pxsrclpltlii tltffatlf»fi Tostslts ©f 
«»dift«S oir^$)«»iin9 o^amed vi.th tho oBtioesixi against wsAit-m eysQ^ 
hmin ii?ievo6 that aa^mally ssoaiiled and llif^tly f»<!lfl#tt x^vop^rtA^enm 
M9r9 vastier <5iff0raRt wi1*i r f^ipeet t« tholr aBtlgoulo d«%oxi3i&»tt8« 
fh«a» %h«ii*Qtia cr^aiilat^  ^stan of pv^etpitiM axo& oeourm& %4th l i ^ t l ^ 
!3o<lifl0(l »v*l'bmin8# an gel Aifftt8l.©n ©»|»«slis«rit9f olear ifitttrottcrlsloaa 
v«f« o!»9«ffvea \dth aasdataiy noSlfloS oTalliiiiiizia* This obaorvstloa 
i s in aeoei^ vdl^ th^ yeaults on quantitative p>t^i|dtiB titinxtinn* 
ijher« ateottt 90^ ^ osi»a8»x*8aoti'vit^ ysbB obotrv^^ *dth lightly twdiiled 
ff l^jaipation© and osHy nhont 40-^  ©ansjoo-rwaeti^ ty vith ^ii^iially »lli» 
flert pi?©pa3?atien9, Tn ©r^ntmstt iariww^fftoMsn an3 qtumtttativt 
l»?®ei!»ltin titratiaa wismltJi \Ath ?»ti*95'^ aoatyla*«d oir«sa.?i»ii» cnti* 
Beram Inkiest96 poor Oflooa-seactl-gity wftti na?liV9 mxd l i iht ly ao^fl«d 
«»'ralb«^ .nii« Cl^ar lnto«K>cti«n i»f preotijAtiii mme in laaiaao^iffteisioii 
ana enly aibotit 5^*"* e»so-reiietii?lty in p»iOi|>itia titrattiaii v&m 
©hservod with th© native and lightly f»<Sifle« ovalbofains. '^rptitiin^'ji 
9?*^  Bttednylste^ Q»fi S4** aal©^at©d oTsaDtvaiii pr^arotdona £^ a;f» only 
sOsRttt 40^ o«>&9»r9Qotlvf.ty %4."^  anti-95't ae«tyla(fe«d ovoaLbixiint ilt&eiroeis 
90- b»Tty«(t®d pyfspaftitioii saw 72*^  csi>sii»f»aotivity, ?li« doereaet in 
^ e oteii«»i«aettvity of 92 socoiaylajtoa (or 64*t a^eylatAd) prepare* 
tions oannat hm m& %» «dLeot«c»i3tatio offsets slnse inosmass in ionio 
atwe^th fioa 0,0? t© o.eo %mo is^eonssquimti^ in the trnmaola^enH 
y^aetion, Watf^mf aootyiatoa px<»l>ax«tian «f Xysom B^s <H« n*t ahoti 
any ett>88*»r«9etivity vitli tho €inti»95^ aoetyiatod ovaHnnitt ottfln««3*ixig 
no»*in'w>liraii«it ©f acotjflated lyadLiio rocdAtiea in t^« i«!is»lor^iil 
IteTWit %ma Idmtieal In a l l of tha t»ii» msadmeill^  aoatfleai oy?a?»Hfdn», 
pi«pftratlon»# 
EFFECT OF CHEMICAL MODIFICATION ON MOLECULAR AND 
IMMUNOLOGICAL PROPERTIES OF OVALBUMIN 
By 
MOHAMMAD ABUL QASIM 
Protein Research Laboratory 
Department o^  Biochemistry 
J. N. Medical College 





A thesis submitted in fulfilment of tfie requirements for tfie 
degree of Doctor of Philosophy in Biochemistry in the 




C B R T I F I C A T B 
I oortif^ T that %iDSk presentea in tbo flBllovi&e pages has 
bssn oanded out by Mr* IlohaaaaA Abul Qaaia and th«t i t i s sultabls 
dtr ths award of Ph.D. deisrss in Bieid&SBdaitx^  of the Aligaxh Hu l^fii 
J AyL. iw^t^.^/^^ X^— 
(Saaiflhtiddln) 
Pxoteln Rsseareh LaSxirotoryt 
DnpartnoBt of BlochsetiotTyt 
J,N« fisdieca Oolle/rst 
Aligaaeh MaaHim tM-vereltyf 
A}jLga3(h« 
(11) 
Chonlcsil mo(liflcation of mtno gwtips in pwteine lo kno%A 
to alter native piotein eonibnaatlon Oiloh has hitherto bean attrl-
httted solely to olectrostRtic effects. This explanation has been 
fbtmd to he qtaestlonahl© In many oases* Further^ «io nature of 
resldtial nirtl'TO jtesraat aa well as "Ktiat of "ttie altered region in 
tiheoiloally 'aodlfled proteins are largely unkno%n to date. The nol^ 
eular m& iramunologie^ flt pjoportles of different aeylated dertvatiTes 
of ovaltounln haTw been systsmatloally In-vestigated In order to gadln 
a pmper understanding of these points. 
Oyalbumln vas tihenloally modified using tbur different add 
fflihydrides naaely acetic t butyrto* malelo and suooinlo anhydrides 
aid thereby ss'ven aerated ovalbumins sutih as 215^  aoetylatedf 32^> 
suceinylatedt 55*^  maleylatedf 64f? maleylatedf 90^ butyrated, 92i 
aueclnylated* and gj"? acetylated preparations vers obtained. The 
extent of raodifleation vag detexiained by the nlnhj^iln reaction. The 
aeylatlon reaction vhich prlBoilly oeeurred at € ^aalno groups deilved 
ftwffl -ttie lysine residues of the prstein was laore speoiflo vlth 
dloaartioxjlle add onhydrldest I . e . , malole and stteeinlo aihydrldes 
than with Bonoeaiboxylio add aiAydrldes, i . e . , asetlo and butyilo 
anhydildea. Viith the latter two reagents» sone of the tyrosine 
a i l ) 
yesidtaes of ovalbunin vere BI&G rso&itimA in addition to lyslna 
VMldueB* The aoylat«d d«xlirativ«s of oTalTaRsaln V9t9 iBaie«t«d by 
pol^^aerylaalde gel oXeot»>phox««i8 to li« hosio@«i«ou8 \A^ roopoet 
to ohaaloal mo^flootsion* ?ho apootralt Itydmd^pnaoiet and laatnolo-
gleal pxopartlos of modiflod and unaodlfled oTalbiital&s voro vtt^od 
in detail* 
4eylatlon of tho lyslno soslduos of ovallNiBdja portux^iod i t s 
ultravioXot epoetra eaualng oiaikod hyi^<^xoiBiia set ^ 0 is», U Jadgod 
by phonoXlo titration data» 2 tyzoalne roaldtios vom a'vallable fbr 
noxnal t itration (pKj^ jj^  • 10.3) up to pH 11.4 undor nati-vo oonditiono. 
On raising tho pH fxom 11.4 to 11.95* 2 additional tysoslno raaiduos 
beoma avalla%a.e ibr roireraible t itration duo to aUcall'-induood 
oonfbxnational ^angss. Tho ronaining 3 tyxoaino raaiduos V9T« ooap* 
late ly inaooaasibla and oould ba titrated only undor Amm^mAng 
eonditiona \liieh obtained in a edactura eonslating of 5 M ^anidine 
hydx«}^loxide and 1.2 M urea. In l^e lat ter aol'vant a l l the phtnolio 
ISTDtipa of o<V!9lbt;^ in titrated vith a noxaal v^^j^ ^^^\nt " 1^ *^ *^ 
Ghetsioal niodifleaefcion of "^e lysine reaidttee a i ^ f l o a n t l y altered 
the titration behavior of phenolio gxotipe in o^ralbiaBin 0tt^,^ating 
tihansea in tho on-vlronmont of tyzeaine residuee of '^e pxotein. This 
oonolttsion la in aooord with Idiat deduced tmm eolient perturbation 
results. 7hU8» using dLmel^ yl snlSsxlde and ethylene i!l:;Qol as 
pertuilsentst i t vao jbund '^at 3 tyrosine and 0.3 tryptoi^tm residues 
of oYalbupiin vers eatposed to the solvent under native oondltiona. 
The extent of exposure inoreaaed to 4»5 tyzosine and about 1 trypto«-
phsn upon fsodlflcation of 18 lysine residuee of ovalbitain. 
( iv) 
ConcluslvQ oviaeiio© tor confoaaattlonal dtimi^B in tiie laodlflod 
P»>t0ln8 vaa pKi-vided toy the gel f i l t r a t ion anA -^ooooity rowate , 
XaoTOaso in the dagroe of acylatlon pxoduoea incToraonts in hytliod^mio 
p^ixonatera such QB intrlnedo visoos3ity# utokea TOdiuot fr ict ional 
TStiOf aftfi stsial THtio but a daoreiajsa in diffusion ooefiiclent of the 
pxeteln, Thuat acylation of ateut jB lysln© saatduos of ovalbunin 
causod iaoreaee in in t r ins ie -visooalty fxoo 3«9 a l / g fer tho nfitiva 
srtaEtA to aliout 7,4 a l / g :fbr the aasdUaially acyliited ov^bunlnos the 
corraspoadln; Increase in Stokaa radius vas faroa 2,7? na to about 
%5 rm« \ oonipariaon of the in t r in s i c vlaooslty of aaxtiaally laodifiod 
o'valbiMlns (^1,A 'il/g) v^ltii that (27 nl /g) ^tmd S>r complQtoly 
donaturod ovalbu^dn showed Idif^ t maximally cjodilled ovalbumins rfstainod 
subs t an t i a nastivo rosidual structuro. Aa jud^sod by vloooolty data 
obtained fbr 92^ ^ auccinylated ovfiltaiiiin at difforsfit ionic atrangthsi 
the increase in effective hydjDdjjnaalo ^ l u a e upon (Conical rwfHfle^ 
t lon eaonot be at t r ibuted aolely to eleotxostatic effects because a 
lO(Wt>ld inoyease i n ionic strength could diminish the reduced -vlaoo-
ei ty fxoEi 10.9 a l / g to 6.2 n l / ^ The l a t t e r i s nearly 50^ !il<|iGr than 
thart; (4.2 ral/g) found Sor native o"Albumin under e i a i l a r oxperirsental 
conrHtions. I t vould thus seera that in addition to e lec t ros ta t ic 
interactionf untoward stexlc effect alao contributed to the disruption 
of native paaotoln ooa^rtaatioa durlnr; aoylatlon of eoino {^ roupo of 
ovaLburain. 
IsMunoloiilcal roaotiona with antlsera rslaed agaiiiat native 
and 95^' aoetylated ovalburaina sugnieated that t^e aoetylated 
(v) 
proparafeions ver© aatigianioally quitQ dlff«»«at tmm nsAi've ovalbumla. 
In lianifiio elect xopho ra t io expexlsieatSf s l n ^ e pvwApitta aroa V0T« 
oMaindd vlth eaeh one of the m^rna notified preparatione aa vei l as 
viHh native ovalibusdn, li^^eotedl^i aXeot»>i^z«tie laoMllty vaa 
hlf-^est toT ^24- suoolnylated ovalbuKiln and lavest Ibr natl-v© ov^buBsin. 
Xmraunodiffusion and quantltatl've precipi t in t i t r a t i o n resul ts ot 
aodiftecJ oiralbiFiins obtsdnad with the ^ t l se ruB again0t native ovalha-
rain ohowed that aasicially Bwdlfted and llfljKtly laodlfled prepai«tions 
wore vastly dltferant \dth respect to -ttioir asatigenic dert;er!!d.nmte« 
Thuof \Jiierea8 ooaplete fttalon of precipi t in area ooourred vlth lli?Jitly 
modified ovNalbunina tn sel diffUfdon experimontet c lear intereeetlono 
were ohaerved vith maxiraally siodifled ov^tJ^ninQ, This observation 
i s in accord vdth the resu l t s on cjuantltative precipi t in t i t r s t l o n t 
vSiere al»ut 90^ C3»S9»reaetlvlty was observed vith Unfitly r«3dlfled 
preparations and only about 40^ easjaa-reaotivity with aaadaally taodi-
flc^ preparations. In contrast» iomunodiffusion and quaatitative 
preci idt in t i t r a t i o n resul t s with aBti-95^ aoetylartjed ov^btRnin aati-* 
serta indicated poor crosa-reaotivity with native and l l |# i t ly aedifled 
ovalbt£3in8« Clear intereection of precipi t in ares in liznunodiffusion 
and only about 35f crosa-raactivi ty in precipi t in t i t r a t i o n were 
observed with the native sand l i ^ t l y oodifled ovalbunins* Hurprlsixi^sly 
92*^  suocinylated and 64 f sudLeylated cvalbit^rin preparations ^ v e only 
about 40f: cjsoae^raaotivity vi th i«ti»95^ aoetpatted o v ^ b m i n , vtiereaa 
90^ bwtyrated preparation gave 72*? croaa-reactivi ty. The doororjae 
in the c roa^ reac t iv l ty of 92^ ^ suoolnylated (o r 64*^  a^eyla ted) pre-
parations ofsrmot be due to e lec t ros ta t ic effects since increase In 
(vi) 
ionie t3tr®ii5th fmm 0,03 to 0#80 vas tneoaaequontlal In tho Iciauno-' 
loiT?loal reaction. Furthort aoet^^ed piwpayatlon of lyaoaya* did 
not shov any eios^Teaotlvlty with the «itl-»95?- aeotylatdd ovaLbunin 
ott/5i8stlm^ noiwin-PoliiRaneart of m^s^^9& lyidne i^aidues in Idfie 
imiaiolof^oaX i«aotion« These results seen to august ths^ l^e nottiye 
of native fbssiat vas id^itioal in all of '^e Ibuy maOmslly swdlfled 
ovalhuains, Howe-Tert the altered re^on in 95^ aoetylated ovalburaia 
vas quite different fmm that in 92% euoeinylated (or 641 laaleyiated) 
ovalbumin ps^eparatione* 
(vi%) 
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BFF^T OF CKmUCAL mWnCf^on on KOLSCTJIJm A ^ im!TJ!IDIiO&ICAL 
PROplUnsS OP OVAEBiaCtH 
x* iwmmwtxGB 
OvetilMtala eeiwtitvlM ^UTM Afl lu of HM total tgghilhlf pani* 
t«ia«» I t s MolA8l«il fmAtioa tm %hmmm* FsolMiajr i t do«« not p«p» 
ftiw my ttrilijlylitt fiaiatloa (94Mi&«xflt» «iA XoMluaXf 19if)• OirAlMniii 
(l4miM»itli «l A«f 19401 ll«tfh«emii i t «1«» 19441 O m , 1949) ev V 
iOAMKMllMmi ttoXvm ilUtMMtOCKmP^ (BII04MI 9t •£!•§ 199% MlfttfilMlt 
19iO)« OTflliMMlii pmptmMMtk idioiiliig bomimi&tj with wwpmft to iftft* 
hM lM«i lOwUt to bo li«li«i««MO«ii ^ Imwoittt io Ohsoudogragliy MIA 
l^ r «ai«otxoflioMit« (HouAf 1974). ^Koo t^ nMtioiHi of o>^ Na.taBtii nmu&f 
k*f 4j^ MBA AM feiOiflAiE lAvatlMil. noXoooHoar voljfito Imt AlffOiMit OlioaPHOs 
CiUnuA* 1974) lunro liooii idoottfloa. OirollNiiiSm k^w Aj| ttti A5 oontolA 
VMpooti^ poly 2f 1 ond 0 |lioi^8lo 89BD«9« CPoiSmna* 19$2)« ^oao tluNM 
f^mstlono honw Idmtioil. wloouittr ma/BL iMnaol»i^«dl psoipwftioo (AnooH 
ffiA Sal#uiM&iit 1979M UmaAt 1974)* In addltioii «i iaMMlodooaOy 
M«lftA«aiiifli3L« omotlo ¥BHfi«it of oviabiHiii ooatfdnliis m oipwtio 
ooiA Mslftiio tiitflMa of mtpmrntgOM torn intm iftooopAsoA (wimmm ot •!«• 
1972)* AMtliov tjfj^ o of ofoXlaairtA doiA0i«i#A m s»9vali»Bda (ao i^ tnA 
BoA t^ 19A2t 19A9) Hoft boon i«»lat«a fieo« mmM »lo«o& fi»v Xoagtv posloAs. 
Sn^ r^oUMOBla o«i Olflo %o oUtolaoA fl»a li«i •fiso honftoa od 9^C ib» 58 
Howro C9oiio<v«i m4k K p^oot 1978)« fho i^sotola ippoosm to bo lAontioia 
idtb oTdLboilii ia «U xoopooto oaw^ ia tho BKIICM of doneKliamllMi by 
b««lf ttvoft «id gMBiAiao liyAiodbloxiA* (asdiai «aA Baokt I96$i Doaeim 
«» 2 ^ 
flSiA Mfip«8| 1976) t the S^ovolbuain beln ;^ aoro sfted^ lo than orekllnaala. 
Ordinarily ovolbtMin i s rtsiertant to trsn^tio attaok, Rowwrart 
on digeatlon vlth 8abtiXi8ln» the protein i s eloenred intot tmdigestod 
oralbualni a heptaspeptidet and a fev aaaXlor peptides (Ottesent t93Bi 
Ottesen and Oatergaardt 1964)* The undigested ovalbuain i s kno^a as 
plaltalbQoin (ottesen* 1938) \htdh i s sntigenioidly differmt from 
naftiTe ovalhiisiin* 
Ovalhraaln oonsists of a single polypeptide Ohain liiose N«>tezw 
alnal residue i s Roseetylsrtsed c;lyoine (Heeritat 19^1) and C«.teniiinfia 
residue i s proline (Kiu etnd 9rai«ikel>*CanrQiti 1955t Harunn and 
Ake{bori» 19^0), The aoino aoid eompositions of ovalbuiains isOlacted 
f^ roB nine different bird apeoles ere similar (?othergill and 
fothergiUy 1970a)• Tho reoent data on liie aaino asid oonposition 
of ^ e protein ere sraiBsarised in Tal)le X« ^ e fact -^at the protein 
ooBtains all the eseentiril asilno aeids explains i t s nutritional 
istportaaoe* '^e pria«is^ structure of the v'^^o^eta la not lotoun* Hoi#» 
erer* eerailfllile data en aiBino aoid sequenee (Ottesen and Vtollaniberserf 
19521 nanrinf 19541 PerlBtanni I955t Otteeen* 19561 Milstelni I96ai 
7hQBps«n et ea* • 19711 see TsSDorskyt 1974) aoooont for aStout one 
fourth of the total ainlno aioids of ovalbuain* Fartiol anino aoid 
8e<![uenee of ovalbimln based on these studies i s Aown tn Hg. i, 
SsTer^ linoQ of evidence (Oilaore and Fothergill* 1967s Fothergill aoA 
Fothersillt 197aE>i Smith and Baok, 1970) hare established that ovalbu-
min contains 4 sulfhydryl groups end one disulfide bond. More reoentlyi 
i t has been foimd that not all of the 4 sulfhyftryl groups ore e<iually 
exposed. Cazlsen M975) studied the interaoticn of zseroury wilfc thiol 
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AaiiiD helA CoapesltloB of (hraa.l»Bda^ 
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To'tol 969 
^ BoioA on Hio €a^m of IbiSiovgLU and S^^onElU (1970a). fho aoloonxar 
i««i(|it voo t^cfB to IMI 49t000 (CaotoUlw n d Boikort 1968) 









: ^ iUip»8«i<(»liitZU)«ia*>oia-«2r»^i|(%r*8«riVii}*(iU9fRi«t^ia.)n 
1—(L«a» 3«r) S«XWiaill»AlA»Il*^l9h»8«3ei»2;M»4«WlX«»8«Xu3«r 
I ^ 
I 
Vlg» 1 FarliflO. flHdao aold amiBmi of rvallMMla (se* Nvn^sipaty and 
ifaani&dLl| 19^1 VoiboM^rt 1974)* 9h« o«d«» of 1^« 8oq|ia«Q«M 
of pvpticUis •hoifti Iwtv—n Hio aqpieara teadccts i s not IOIO^A« 
«• w «• 
«^ iiA«a Ihfll ef ^ « 4 iMJtl gmvtpB la Hit p»itirtAf 3 ««x« lai^Md iMX« 
id%m tbvg^ oa* ms iMi«ft«A mdrnr ii«tiipt <ianaitiMHi» ^ « aailt«r hmmm 
moommiVi9 «ft«v 4«a«lttmell.oa of oiftallMKl& tty •o<liai ^ 4 M I & tfiUiko* 
fli« igL9«09s»t«ta mtlinpt of oTtHni^ tn aoir IMUL MtalOtA«A, 
I t ewttaAiis %$i •«e%»li3P&iig|« (Cwwtii#i«t «l aa^t 19^9) itiiili is ailt*> 
«h«d ofiiir «l on* 9«i»l tfaoof tSi« dialA <B«iaMai«tt «l «!«• 19€C)* 9!ui 
p»»t«ft» «Mift»« «hiflli is ift:fBos9iii^ «d is a^poraiias liiieli is His %mxih 
fliSas sfliA s>ssidB« faem Iftis lutssdnsx snA of KtM ipsstslii pslypsptiAs 
«lifllii« ISittSf OYsllmBia IMlen^s to His eaisss sf ^^sopxstsliis idtli ll«» 
l^fBSitAis 1»iiA as i t s sii^iMa asatwp (Osroiia^isa sffc sau > I997i 
^oli«is«i «t si«» t9^|i BsfllaioT st fl(l«f iN4)» flis slsicfaju>as»yjr sf 
oas^^limls aaisty sf sTiOilKBda is vaiEiidas* Hsvsfsvt ea2^ imwnsss 
SBA lUsostjl ifrasssswtns hwm iMsn idsaH&si Usvms* 1998t Johaossa 
St a&vt 19981 ?vsBS6ia «t al«i 19^2)* KaadUutUy Htsfs «M fiiPs S»ssstj|^  
igUissssatws CHa«M( sad tt9Sli»a«fyf 19^) «iA six a«inoss wmA^aatm 
(foiantiBo St sX»t f9T2)* 2a j l m sliiSiM sa flis ssoetiBliyAvals altsdw 
asnt ts smllMala bsfs indloslsA thai E»as«tyl gkassssitiU&s mA aaaasss 
sss sttsrtisA ts 1h« aasssat psi^sptias «hi&a %AI«B i t i s asavla« soai^** 
tisa bat i s s H U afttadisA ts sil»aoass (XiXsr st dl«t 1976>» 
fhs aoissiasv ^#«i#it st s^naiisala has t»s«a dstsattasa 1^ Taxioas 
9h7idlss«>A«aloal tstiteii^ (iiss ts lis in His nafls 40»000 * 4Ai000 (AAaiyt 
19871 Ksmi^ aoA Bsidt* 19291 HadPhovsoa si sOl*t 1949)* By ssdiasata» 
t i ^ i sfBiiilneim asthsA* His aolsmaav wsi^t sf sTiAiai^ta has bsaot 
tifmA to l»s 49f000 (Csstslliao sad Baiicsrt 19A8}» Mal i^ oimltasla 
•• 7 -
•3dl«l8 i a a iMwpafft «ia gflolMlttr «e>iifb»M!tiM a« Aow ^ i t * tntsiad* 
«l«0Sitiy (5.9 al/«) (amaA« I974)t Stok«« Mdiiui (2.75 iiBi)t fM«tlt>iial 
mkttt (t*t7) (Miamw* 1970) mA ditftoiAoa «»«fa«i«rt (7«76 x ^'^mV 
• M ) (f miivttt t9<1)* ^ « anoiint of v«l«r UmA p«r g m ot oina^miii 
! • «Bio«it«tii «Bd tli« iralVM ol»t«iii«d toy diffwunt t««liiii(pMHi Alffir 
wppneiMLr (Bun «Dd BM«I«9 19661 KmAtB mi& Kmmmmm$ 1974)* A 
^nOLvm of 0,19 «rai wslmp ^mA pm gem pwot9$M i» MBal«l«B% %llli i t s 
liy<ft»»a9iiaiid« pax*MMt«s« (Swits m& K$mmmm§ 1974)* 
OptiOiO. 3N>t«feoxy diip«mo» fltnaiM «B«p«l tMefe omAlMnia m»m 
%mxm •!»«% 90li cx«iliiilix (femimmm mA fti£aAa« t969i OsvAoiit 1968) 
Old « MMiU tms%ten of /3««ttfietttM (Ji«pB«>as* 19^)* 
fh« astim itxiMitiuni of o*v«3.1»niii io fa&i^ etoiao to aeia anA 
host tvttttaMnto* 1%o psotoia sotadUu ito lutliw tfktmi^vm in iko 98 
vmm a»11 (Cflnun ct «3Ut 1941) or o^ ran 1^ to iH 12 iQwmsmg mA 
tmdmr9Ki$ 1945)• Re%f«v«r» M M xoeoot oladioo h««it ajboiii tli«t liio 
pxotilA imAo«ii»oo ooaftmartioiifll cliaiiaM iMiloif pR %5 <ilttuift« 1974) asA 
otioti pB 11,4 (QMUI MA Sal4itia4iiit 1977). fho IMMI AMO I^SXOA omCU 
toOMla io olBtflAnoA 1^ lio«li]i« «& oYiO-tanla nluHon to i»7 7 wAxy* 
wUm (BiiU* 1940)* Slaooi O'ViAlKBiia ooiHoiiui OBI^ MM AiamUte toeaA 
C^laovo ma Bot^oyg^Ut 19(7)• Ibo iii#i otoMLUty of -^o pxotola 
appom to oxiibsuilot an^iis othoro* aaUily f^ mi hyiisoilHiMtt iatoyaotioast 
fitio ^Otf io ouppoxtoA toy tiio pxoooneo of t^w^-mlkf It i^ oontont 
(^ 9010 of toya»»|iliotoio ORUIO ofiiA roidAooo in tlio pmtoixi* A ao^y 
po«tiaa of thooo hyOxopliotoio oaiBo ooiA vooiatioo oppoaero to too toasioA 
ia HM Satoxiov of tho pa»tola ao wtmAwA toy tbo laaoo^MiMUty of 
<» 8 w 
tfoM« anliio aoiao in t3i« nfletiim psot^iii* 7h«st stuaiot ea lt3rAx»g«i 
«»A«it«A«i «Hlun«t of p«pH4« g»»«^ « ot Hio pMt«tn Aov ooasidtyiday 
lev n*M «t tmshmm i\iinvm9m$ 19«7)* Stailaiayt <«i«3ieca m^iim, 
estion of tlio Xyoiiie «o«ldao« in o'^ aSL^ wlA v i ^ ftiii&taofiiKiotNBMBO 
(3t«v«a cna fxio^mt 1958) OhovoA lii«l only a OBOII fyMtloa of Xyotiko 
vooiattoo iM« oeeoottlttlo to thia «iMi«tiit* B^ootodly* t^o IMhs^ov of 
thooo grnq t^ %M«Mi aomoX vidor tlio oondltioito liiovo t3io pxototn vao 
mftldod (Stoinn ana ?iiot3mt 1998)« stoaioo on h^wam im oqtHU-
tndo of oifiXlmiii ia tlio pB xm^t autt oppoavod to mmM^ tiMl nmo 
of tho t:nn»ia&« voolftiioo woso tltMdoA la fho a«t i^ piotota (c«a«i 
«l iaL«« 1941}« Qa <Qio olSior h«id P1I«EIBUO titi«tioB xooislto of 
OMMMnr mA Wm^mteme (1945) iadio«loa ttio ^tMtUloa of atewl 2 filwo-
Uo smupo ta Hio aotiiro pxotola, fhio i s la ngmmmt %d^  ^ o momA 
otoa&oo tok ooliwt poitm»otloa (SiMdoflMia ot lO.*! 1972) of ovOllMBda 
^9f It WOO H^rnA 1h«l 2 tyvofllao itoiaaoo of otvAlMwla vofo eoii^o» 
t i ^ oavoood ia Iho nam,m ototo, Xaoooooo&MUty of tyaoaiao iMilbioa 
ia ofoXlmnia io tUm iadiootoft }xy ^ o soooti^tf of ito tsrseoiao «Oii* 
auoo tonoordo oywanle IXvosido «ioxlMaoff» I9i9)« ^«0t oaXy 9 of ^ o 
9 tyxoaiao void^ioa of oinAlnatiyii (BB^tovsiU md 9»th«V8lll,f 1970a) 
voootod ^th o;r>Bttsle flaovido villi diffonat vottotl^tios* 
Lyolao yoolduM of psotolAik maong othocot ham bo«i «lioBioally 
aodiiiod ftir Aufliaatlag tho otsvotavo^fteetiGa i«l«tleaahip of pm^ 
tolao md «a«|«os* Tbo diooiooi iroooonto i#iidi haw ti«cn uood ia tho 
flh«aioOi aodifioacliea of Xyotao xooidiioo of pas tolao laoXndo flvaxo* 
MaitxolMBSoBo (liisa» 1967) t 0««o1&yX iooasoa (Xlflaolt 19^ 7) t K^oootji 
«• 9 •* 
tadd«oI« (IUoya«i and Ttaitt* 19^7 )^ t potMi&aBi e7aB«l« (3t«ik, 1967)* 
«^9l thleltsifl.«»»««iilt(l« (OolAlHHrgtVf 19^) Ad tttxloits aeid cnai|w 
dildts (Klottt 19^1 BioidM «id TiOlMf 19i7^ Btttlmp «l itiUt 1969)* 
Of Utimm f«a0«it«t aold sftydzldM h«vt Imn lAdigly uMd pximaxlXy Ibr 
^ « ftlloidiiif swnoiis« First• 1lh« MMtion of oiiiio gxo«^a of piotoliui 
vltli oeld wS&ydxidM i s awocoUy h i i ^ j opoolflo, 3ooiuia» ao3&«tloii 
idth Mdiydxidoo fq^VB nlld •a^osiatofcil ooaditioiio* FiaalXyt Hio 
NodiftOflifcloiui of m a o ezoupo %dtih ontih oihydzidoo tm cdtvoooiilo tnd 
aolidlo (Dlasii mUL v^a/lim§ 19<8t Bitilov «l al^t 19(9) aani x«odily ytimu 
i iHo «id«r itiXd ooidto ooadltloiio* 
lyslAo Msldttoo of psotoUio and oD&^ MNi hsfo boA ao^flod vtlh 
tlio wiiydxidos of eailioxslie aelds fl»r UnmrtigMliiie Hio ^ool i le Mo* 
Xo«loA lolo of tlio oetlmi Xyidiio Moldno (Fxlooo «% al^t I9t0)» dio«»» 
«&«lliis m fsotgui (Klotft n d Kox«oft1oo«Rafirf 19681 Jomlfiico ot al«» 
19iB)t iBtxodBOlag 0 ftinetloiua gxoiq? ta a psotota (iOots ot aX«f 19^9) 
«id MT pfopastas ipxototao of doatvod Molo^eal piopoaci^ oo (Chsithosr 
0% aXtf 19751 fwmme «t aUt 197i)» A09l«tioa of psotoda aniao giotipo 
umtOls lo«d« %o «ho diosn^jitioa of Hio a«tiir« piotiia ooafbmadioii 
(Roibo^, 19inrt ^aoobooa «t ti.«f 19721 SAoflMM «l flO.** 1972f 1974t 
Mioasl ot al«» 19791 Ki^ Nntt «t al«, 1975), fhvm^ aodlftoitlioa of 
^ •andae «pn^8 of l»tlao ooxiai aXIraaia (Roliooli ot aX«f 19581 Rollout 
19^f 19671 ^aif 19691 ^oaas and Uolioyt 1970) # XyaMaiBOt htaA flMaa 
l^bnXia (Raiboob, 1967)* >8 •Xaeto^lRiXia (Rabtob «fl aX.* 1956) • hmmt 
aofoi alboaia (Jaaoba«& «l aX«» 1972) § ati^ hy^oooooaX aatoiotsxta B 
(dm at aX,f 1969) • tnnafavslat ooaaXbaHa (Baekoxoiradajr 0% aX*« 1969)t 
hmm mimm i^bttXlft aid i t s f^ngMnls (Rsfcasawa al «X*f 1972f 1974) 
ffid eiMllnnlii immaaei «t ia»t 19t5t KldMii «t « l . t 19t6) %dth 41ff«riB% 
f!ovrinrf ao^slieii of Hio XfiAxM soaldiioo of ttyptAa. iJaOaaw^m mA 
0«pvids» 19€7) «id o^#i«MM 0 (litt&a «id QkmiiBle 1968) aid not oaitoo 
oay a«to«tibao imkt»mt9fiiUMil <tifln«o In 1&« pmtoljiii, ftio oxtaH of 
jM l^itHon of lyi&iio zoi^diioo in pzotola mgip9$an to dopood n^ poa tholr 
OMoootMUty «• %fAl 00 on tho «lioBiOi& ii«l«iso of th6l» nooarost a o i ^ 
IHIV fWlAoM (Joiioo n d VioboTf 1970i ahtai ol A«> 19t2)» 
ai&oo tHeokg idtii otiior lonlsoiao 8»»«9o of a ipxotolii* tlio l^ fotao 
MMi(taoo dolosidiio tSio not psotom akio«ip and honoo i t e «loetio«t«tio 
fifoo 4Aovir# Hio oottfloolloii Of X i^Hio HM&daoo iMfllt ^00 not i l tor 
^ 0 not «li«^p of ISio pwloin wXoeulo AeiAd li«*«o l i t t l o ey no offoot 
o» psotoia Qoiil^m«lioa» This io in aooosd idlSi tho oaxiior oltooifd* 
timut mt tho fMBidSiiaEtioa of € '^ aniao gmv^o of pxot^Laot ilioro tho 
oliooiMil ao^fio«fc&oa hod ae ^foet oa tbo a«l ^wtm of paitola aolo» 
etfloo ood hflnoo «& ^ o pieotola ooalbxMdioa (Ra99«<llit i9^t Gtm ot al* § 
1969)* On tho otHor bisidt afS^ Xoctloa of lyUao vooldooo Oiidb vooalto 
la on iaopMoo in not psotota ohaarit idU li«fo a dolotoxioiia offoot on 
aaliipo pxotidUi ooal^autioa, Thlo i&ov hao lM«o «lie%ii to bo ir^lid ^ 
pMilotto otttdbtoo CHdioob* 19^ 71 ^onao and ijoboiff 1970t JaoBlio«B ol fl£l.»t 
19731 HiAea«nni ot aX«» I97art 1974)* 
fseoa a bxiof mdoii of tho oasUor Utofotaxo pfoo«Rtod aibovot 
i t oppoava tSiat osao inportaat aapoota of Itio ao^latod doxi'vati^ nw of 
piotoiao havo yot to bo invo0tigatod« 9OT onapXOf tito oxt«nt of dio» 
fttptiaa of aatiifo psaotoia oonfomation t^ao to aojrXstioa of i to asiao 
fsm^* ^9m not lM«i •3r«l«Httleall3r inrti^m^wA m £BP« i t i s w t 
atnv^tiim of KUKliw l»i»t«la mntsmaMoa itam t& Amletl m^AmHim* 
fli9 luiitvx* 9f th« metlira vtA^aaX vtsuetuvMi thsl AM Uk«l7 to Iw 
l^ yoMBt in aQylotoA f mtcliia i s Iwem^j ladoiQiii, Toi^sTt pyaotisanjr 
Qolhlng Is kiio%a alout tlio iiatvys of stmati»ttXXy altoysd yoidoiis in 
tho €li«i«aaLl2r aodltiod pxotoiiis* Xa Dion of tlioso iaoiaiao i t vas 
Hioti^ it aoiivflSblo to ^mwf oot systoBstlo st«a.os 9m aojlstoA dofi'v** 
tlfss of oirdl^ iaaia uainn tswe aiffoxwst ooid mAySxiditm (am Hg, 3}» 
A dotMlod stuAy of 1^ 0 opootvilf kyAxodjittsidlOf and mnneXogtOidL pxo* 
poitioo of tlio aodtflod oad onoddjriod ^rtHtmaixm IMS nado* Tho Msults 
sngfliotod th«l la sAAitioii to Oloetxostslio offootst tho stoslo hitt&» 
voBOo oattooa liy iSio oRtoxing O0:rl gio«^ »ost sAse ^ in^ wkefi in tft&mt 
to «eoo«it f»7 tho dootoMlliotttioii of aatlim o'VoilbaBlii ooalbmsUoa 
dtixJLiig ao:^ «feioii of i t s lystiMi vosiAiioo* fuytlior* i t voo &«iid thst 
tho aatiw vosAAnaa. otmetiiyo i& OU ^lo Ibnr aoilRaliy aodiflod o^ ral* 
iRBiiio vtm T^m^StHf tho SSM fogoxdooo of tho atttaxo of o^d oohidsidos 
Hood in t^o aodifto8ti<»ii« ROvotort '^o oo]i:fi»«BMffeioa of ^ o «tyoolttSb> 
•l ly oltosraA foglon in tho aodifiod paotoiao vao fiiiaid to diffor sijpi* 
tlOflntly ftea one aodifiod pvopovBtioa to tho o^or* 
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MALEIC ANHYDRIDE SUCCINIC ANHYDRIDE 
Fl^ 2. stwotttre of th© fbuy aeid anihydxldos uaad in the 
aesriatlon of snlno groups in ovalbaEila, 
1. 
Chra&%i2iilii uaed in ^ • • o «tiidi«s ytm «lth9r pits«haMa fsea Slpui 
diodoal Company (OSA) OT WM toolsfevA liar Hit Mfthed of X«lEvi«k «A 
C«8un (193fi)* SephaA«s giOl ftXtswHoiit wartvzjMfthyl o^luloM ooXvni 
oliiiHMfeogMsiiyi pelfaayjIaiilAc aA elMtxifbdveiis aid iflra«io«loet»«» 
ptiOMii* «q^«vla«it« ittov«A thvt belli th« pyopaoraetioaa v«x« Idantieidl 
ond fiM« ftoa «3EtnB«oa« i^sotsias* Cytoctixoa* Ot zibonueloastt o( «Kfti:pi» 
Constant telling hydsoflbloxid told %I9B pv^ paarad by the aethod of 
Ibnlk md RelUii0Bier^ (1929)« C<»io«BtMtad mailTtloal grado hydxo* 
«lil«vio Mdd ¥88 dilutod to f^y mi appwidMd* density of i« it «lil«li 
1188 8i(ftii8ii8d by 01x111$ wpuOi tolUBWs of hyixodiloxle aeld and vaKlev, 
Xa smwtH 900 al of feyftsodHlosio a«ld vas alxad idth 900 aX of vaet«» 
ind tlio alxlttvo %nm 0MM dlatixxad* fho dlatiXXsfeo vas ooadflnood la 
8 dxy llauic, Tlmt 20 aX of ISie dlatlXXodo vaa dlaoaxdad and the aoxl 
600 aX VS8 eoXXoetod* Tills fMotloa vao sPodlatlXXod ad a oonstatxl 
t8Bp8.yfltVZ8 O f lOg^ C« WoaorXy tin thlvd of tho dlstlXXato vsa dlsoaardod 
wd tlio etmatant bolXlag hydxodiXoiie aeid vaa ooXXootod la a dsy MIA 
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eloaned flode. Dlotlllsftldn «ao diaooiitlnuod %hmi a loalAtto of only 
50*60 T3l ytm l e l t in the difstiXlstlan £Laak« 
Suanl«!4no hydtnchlorttlo was proparwS fton gucBildlnitin easteonncto 
^ fteoOTlTwd by TToaslsiL f l<)73)# '^ n® kilocrraa of nmuidlttluia oart>onat:o 
wae «Hsaol^ «j6 In t*» 11 tors of wafftey at 40 C, ^ o aol«tion wae treated 
with aeti-vated diairaoQl and flXteved 't9ixou{^  a -^ohner ftamol, ^roo 
lit«r8 of 6o«blo distill®d QthtmoX was addod end the sdattiie vao kopt 
In cold ^T 13 hoora to csfthlovs OTyotalll&aetlon* It vaa thm. fllterod, 
•^ he ©yystsJlllno saga was wariied \d*^ a QRIQII arK>unt of dhllled orthajol-
wafter (V l) talsttire snd diled la oi air dyeulatlj^'t fivmi at 40^c, 2l#t 
hundred ««d olit^ty (^ yam© dsled orysftals of gutsaidlQlUQ eaartwuat© weife 
sospanded In 500 fnl of water In a h^ker suxvounded by tho f*oo»tnii i^7m 
tare oontalnlnr! ooi^ non mUt and loe. Constant boiling hydssjchlorlc ad* 
%ma added to tho eoliitlf^n slowly wl'©! ooatlnuous etlrjlni^ t i l l the p**! 
beesete A* ^ e aolutfon waa than kept ibr t2 houre after ihlch the pll 
so90 to 5.5» '^9 p^ wae again ad^osted to 4 by the addtlon of soqul-
site aK5unt9 of oonetont bolllnr; hydioehlojlc add. The oolutlon wao 
than oonoentyoted at 40®C in an air dsoulatlm? ovm t i l l oyystalllsa. 
tlon set9 In. "^o ovyetalo were allowed to am at 4 C fbr BQC^QV^ 
hours. attOBl<lino hydsoeihloilde ery£ittelo» thtie obtained, \#OTO dried 
tmder redweed preasara imd were reeryatailleed fsma hot f^othsnol, Xts 
6 ?! e»lutl<?n had an obooxb^ moe ilileli was leas then o. t8 at 295 na, "^o 
latter showed -Wiart fsuanlcilne hyflxwdtloilde was piiro (Ifesafcl, 1<)73). 
Hy^siMmMM vttt px«paMd aoooTdliig to Hie tflmdasA pxDe«d»»i 
(MooM and Sti&iif 1954) 1«y MatMlAg nUftiitxlii vilH asoixMo aold* Oii« 
ay«i BifltiyOxlii vwi di««iXT«a m 2$ n l of v«l«y «l 9(^C, ?liftt i U l U * 
Htwm of a 90$ ttMex%A« aiaiA •oliitio& vas Ihm sdAsd sto^y to tho 
niflihfSxiii flalntloa id1^ oo&tliaiotts g^Tting^ Tho mafftion vao tiLlonod 
to tidM ploM Ibv 30 aiiitttoo idthont fmrthoir hoaliiig aid tli« o»iit«iito 
«««• «ool«d isiAoy ti«» v«l«r* fho hy^dxIiiAantia «yy«%idl8f tttuo Ibnod* 
v«»f l l l tosi^t ¥ai^«d i d ^ tfiillod tnc%«r ^ i A BiMlmor ftanal, and 
VtO'MA 111 Ql# AssEk* 
3«phaA«s 0*200 «id BXtto l)oxl»n 3000 v tm obtiri^ aod jheos Fhaxota* 
aitt VtAo OMniaitiLa (SvaA«i)» 
9ha saasantfi asad la poXyaarylwdAa mt alaatxai^xaala vlISi 
^ a l y floaveaa l a poarantiiaaao f^axat H,V«S'«,s«»tatyaieth:rl<y<^9X«aadi«[dBa 
and n,ir*««iatiiyiafta»lxl^oor^flULda (FXidcai Sidtaax9.«ed)i aay^aida» site 
fltCTift» aividoailivata mi& di«hlosadjUiatti3^iil«ia (B, liavclCf (»«n«ijr)i 
maontaa pamaXfota <B« Mavdfcf l a ^ a ) «id l>san9]>htiioX bxaa (WRf 
AoetlG flnhfdxidat aaaaXa sdiydxidat batyxla siliydxidaf ddaat^ yX 
stillbadda* t/Vti^mm ^^or^ X and nlBliydxia %mm aUj^Xiad liy Ism GhmLoeln 
Ltd, (MfSimA)* [i«^99t aiXXotoX'Pt vaa paMhaatd tmm B« Ifavale (Oamaay). 
Hydxexylanlaa hydxochXoxida vaa olrtidLaad tmm ism (Xadia}» S»«B«t^ 
ph<n2flil«iia« vthj^ •«««»,lUaovtsl tywbtAxm ««h9l muter and IUae«tji 
ty9pt99lMB«iid« vtr* elitfllii«d ttea Siipa QiOBdQsO, Coap«iy (tiSA)* 
Gh«aiefl[l2y puxe MopXes of »4tt>ttt 8iSlfal«t sono* and di«-liait« 
flKidii» pho«|ih«t«» flodiuii chlosftd«t aodlngi eavliQttflEUf aodltn potaaidvn 
tartarslOf aodlia aiidot ndlm n9l:^lid«l«f mdtnn tuna8t«t«» potasoiiat 
h r^dsosM i^lithalafttf pot«0al«B ti:rdio3dd«t potMuAun ciiloslddt aoet&e 
80ld« HISiitn MlfMNt 0vlhojilift8pN>xio aoidt b«Ksln«f aulftizio aoid and 
1iydxi»flh20zie aeld %MX« ttfMO* 
Batfto agar vas tiippUed by Bifoo Lataoratex&M (riiehigfln). Disaj^ 
s«tf tvHasB of dlffoxvBt «l8«s voftt piixvhaaod ftes ArKhttr H« 9heaa« 
BaSiMts vidciNtng t*9»2 kiloippflns vote osod fl>7 ljaaisilsaillon« 
fhi^ ¥9iT9 UA on Hindiifit«i l*«v«r foodf j 4 l^Mti^ (India), 
All i^ iaaa doalalo dlstlllad «atar vaa naad thsou^ut* 
B« Ha^ioda 
pH aaaefasvBQBts vos« nado on Blioo 9R aatav nodal II^iO In 
oonjvnetion with Blioo i^asa im& oalon^ eleetxodaa« The pR netav 
vaa staadsidliad ualnct 0,05 ^ phthalato (pH 4*0 at sfo) ov 0*01 U 
bovala ( ^ 9.8 a* 2^C> Huffera* 
««A« «it^«y ott BjijBign ao^ Ml Wm^k veMa MOovAlBg sp e^tx^pliotaawtwar 
fff t «• ptSSbmtmtfiik vsm umA^ Xa Bxjteaai TaU2kw 1li« tim« oe»iurt«nt» 
MRoltlirtlty ooiitii»X» mA mm 9»mA wmm m ttmmm am to maUitalji ala* 
fttitl* Mi^ast of timi amA si^iaX to aoiso «at&o« fhm alMK»xlMne« 
1li«oii|^iit tlio fwrmlng vmm vm INOOV HM l in i t iii«To •tvagr Uilit 
I d # t aliaoxptiiia s«Miiz«i«it« la tHo ninHao vmgt iMOit aad« 
oa OttEi Sirf^ ra sp««tsiooo3oxl)BMft«rf SpikoXt ttaiaa e(i«M ouwltM of 1 OB 
ptffSiimXm4ft^« 
OinAlMBila wm laolttlod ligf iii« a«thoA of X c^idtik oad Cmmm, 
< I99i) finta og^^iiiito of :&«#io« li«i oago, Tito mm\afmm of og»>%lklto 
ifoiw fB|it«voA %y Hio h^y of a fioaopnisor* 1^ 2t0 i^ of og#»iiiito 
lioaoiiaMto vao aftdod gsaiMllgr aqfoiil «Xt»o of %i oodiiai oaifato 
ooliiti«a idHi ooatUonotto 9li««fta«» fha pyooipitatiea vao allovofl to 
tiieo plooo fHv € hswm afloir liiidi tho p9ooii^t«NA pmtoia IMM M» 
•ovoA ^ ooBtxiftii«Hoa« flio |S of Hio oopomolwit vao aAjiiotoA to 
fR 4»8 liar tho «Aditi<«i of 0*2 9 faXflUEie aaid« Solid aoditn atflf^no 
vao thoa adaod* la MMOI «iomto» %dth oratiaaeitto oHixiag t i l l tho 
yxooipitocio otoartoA Ibs^jis* fhio oolotioo %«o kopt Ai7 t i honyo g| 
mea taipowctiEpo to ol loir ooaploto pvoeis&tii^ Lea* 91io pz^ olp&tKM wao 
o«ttsifago4 and m«[i Aiooolmid ia aiaiaal wmma^ of valovw Ro«py«toli» 
Uaatloa vso aftoetoft li^ diop»idao odaitioat witfat ooaotoat otlMag* 
0f m leloit of %% mmm mattHm «>l«tioii oqiua to i^e toiw* of 
ifttUr tt««d ta diMoX d^ng ^ « inNNtt9iltg|«, ktUtr «im« a&HtioiiaX 
>«oy7«t«lUsiAl«ii«» ^ 9 loffgUOM mm ^mml^mA la v«t«r wd eiaXTMA 
^ 8ttfclflil,„ffal il!llte6lflB 
H«May fo wem of si^ia^x 9*200 HM mm^oA^ in a aodlui 
piio^ Eihala infiMr to W «MA saHoo^ ttexitly la tha Axoaalognvhia pioeo-
dwPi. fha flia waa ailo%r«A to mMiU Jbr 7 hoavt la a teiHag v«t«ff b«lh 
•ad ft>» 24 hoaam «l »>oa t«ap«y«ta«a« flw wsa pavtlttlaft la tha dXuxvy 
w«a fwaoiraa toy s«p«at«d daaantaHoaa* fha alaxxy i«a daaamfead f&v 
tm alaatofl aaday aaatlea md iai«i almd m ^ tiia Imtfav to «lw a 
aiaxvy WlilHi WM aol^av too thla aov too d^iaa, 
A oolma (t*l4 aa X 79 on) %faa ^lexou^y eiamad v l ^ dixoale 
aald nlxtavo wid Qovsatad iravtlaailly. Aa axtaaaioa i^asa ooXaBm ima 
f&ttad oa 1^ « top of tha fihiooaatofiyas^e «oXam« Tho oatXat of 14ia 
flSisoaakagfapidLa eolmn vaa oonaaotvd with a pol9th«na axtwialoa taMLag 
Img «aoai^  » as to xaaaH ^a ^ip of tho aolum, KomOy lO-tS on of 
tlio oolaaa vao finad %dtli tlia opamitlag baff«r* idioXa pn glvny 
vat llioa iioavad la tho oolaoa vlth itia haXp of a ifLaao sod. fha oxeoos 
Aasvar ooai^od '^o aaettaaioa ^a«« aoltna timm ^a aidJi aoltna« fha 
poXyHittia taMag was th«a flaod 9 an lialov tho top of ^ a Uqald x«j«r 
la tha aaUailim ooXaiaa. Aftay tHo flox had oottXad dbut to 5*10 on, 
^ a aloy^^ok of tlio a«ta aoXam imo opoaad and tiia fXov xata adjastad 
to nmmAf half of i9t« daalxad Hon xata* fha hydsaataHa ptwmm %»o 
laoiaatad aiaaXy to aadntala a aonatmt flov x«l«« Aflav aiX Iha atfX 
hid MttXad doaa la tha ^laeiaategm^e QoXawat tha axtaaiden aoX«a 
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mnA p9lyt^«M tvMjAs v«r» tmoiftA and a fiev meNi iliioh vas na r^Oy 
t«5 tiaaa et l^a daidxttd flow vata waa aAjnataft* ^th ^ a aana flav 
yata a "a l^aaa af Intfar a^'ralaat to 3 tlaaa ^9 bad -voXma vaa paaaad 
thioa# Hia aaXmn In aidar to olataia a ouialaat liad l«iigtli« 
fha i^ aoldiig of ilia oolaa& naa ohaelcad liy paaatAg a band of 
Slaa Daxtmi 9000 th»E»a#i ^ a aol«nii« Iba iiatai?a af alutloii pxoUla 
a t Biaa Dastvm 2000 iadiaatad tha homogm^tf af paelcliig and i ta aXii*> 
ti<« wltna 0pKva l^a lold *f{)lt«ia of tba eolnrn* fha oolnsti vaa eiOl** 
bfatad hf ptmt&Ms vaxkav pzotalAa itioaa hTdsndgimdo panaMtava vasa 
««U loioviu fha loid ip»I«ia $K^ paflkiag wax* fmq^MaM.^ dtackad duslag 
oiOitani^oii of tha oolvaii* fha iatamaa -voliaiaf ^ i * of the ooltsm waa 
obtaUiad hf my^vmtiMB the <a»id -vDlmaf Y t^ of laie mlmm fjem tha 
altxHoa tolmat T^t of aaexoaa (mdvaifat ^tO), 
% iNitinatimtflinn flCFitttila CoaftflBtarglifltt 
?xDtaiii oottoaatvafeio& vaa oilha? datai»iaad by l&a aa^iod of 
Xiovvy «t a l , (1951) OT by dxy val#it aa^iod (iaiaaaei at al.» 1975). 
f «e apaagmta nmtH^f f&Ux^i^mol « d oo^ i»ay anM o^nta vaza ps^ 
paxad aa Ibllova. 
?blla-*ph«iol xao«ant vaa pzapazad aeooxdlag to tha aa^iod 
xaoomoidad b^ r folSM aid Oioaoataa (192D. Fifty gma of aodli» t)8i#-
ati*a# 12,5 wnmB af sodiiai aol^ ^bdata* 29 lO. of 8511 or»iophoaphoxio 
aeid« «id 50 a l of hydxa«hlozie aotd aOotig %dth 350 a l of %fa(tar iiaxa 
xaflitxad in a saiaid bsttoa fLaak Mw 10 hoitya« Sa^ raxty fl^ia gmaa of 
• to •» 
U^ioa 0iafiil«f 29 al of ^s t i l lod v«l«y and fm dsop^ of Hn^A 
immSjm vmm 1ti«B •!&•&• fh« nlsEfeiura VM hMKl«d id'^ioiit ooaAwiaMf to 
ms i^ra •MMMW liii»aiii«« Aft«r oeoliagt I3i« oontflBta vfura fiXtsMd mA 
•tomd la fln mt!bmr «Dloi«d 1i»ttl«, l^e MSflKit vaa dllatoa Ib^r tlai«o 
^ i i ) J^CTBHiEiUiiOil t t jflflJ 1,11,11* iTWMWlll 
riDllovlJig aolntioBs iwr« «a«d flir -tht pv«3p«raE«ioa of ooiipwr 
(k) 4# (v/v) m^m, o«boiuit« 
(B) 4^ (vAr) m^Wk potsMiw taortaanidt 
(C) 2^ (v/v) oeppo? Mlfaek* 
Soltitioiis A* B mA C v«ra olsctA in 1ti« y^tlo of lOOi ft i in lano 
ooqiuoneo to anoia pvoelpitadlon* 
9oT tho dotoxidii«Hon of pxotiiHLn oonoontrofelon h$ Lovyy*o aotbod 
(I<i%fvy «t «l«t 1951) f moMttvod tolunoo of psotoin aolutions WIM tdeon 
in to«l ttiliM and tiie tUiai ^ i m o vao mado 1 aX b^ adfting wwqiAaitm 
^Iwio of iMtffovw 1 ^ 8dlU]lt«ni of liho ooppoir MH^KII vao aiaoa to 
oMh ttilM mA mtUet 10 mmitoo l aX of -^o dilvtod 7oXla*a zoa^Mt 
(000 ftlo^vo) VM addoA ana 'tilio oontanto iwsro ^exon^ilj s i»a« Aftor 
30 nintttoo tho int«i«ity of ^ o Ultto oolor was xaoA «l 700 aa aooinat 
a U « k py^paxad in a alialXair mmmmv oawopt thafe iaatoad of tho 
pa»tain aoXtttiont t ml of tho iwffov vao takin» Tho piotatn ooneontyiw 
tioa waa o^aaiaatod aaiag tnnino aosm lAlKain as tho ataadaxd* 
Tho psotoin aolution vaa oxtanalYoljr dialyaod agfidnat a 0,1 t 
aodlQB ^hoaphafto Imffovt pB 7»0* fho psstala aolvtiotta woxa tsican in 
pMvel#ed vifi^lag lxittl«8 and vii#i9a« sladLXaarlyt tMo aoi« tottXM 
ooatidiilag ciiitaSl ^ X U M of t3i« ^Afmti^m mam tiic«&* 9II«M lDttI«s 
«•«• h«a»«a ta « o^ nn «t tOVl09^C to a tt>ii«lffit voiiltt. fho voli^t 
of ^ 0 dliilyuelo yosiaste ttao «iditv«0to& itos Ihfd of tho paotoiii «o«U 
«iio in ox«a«r to ^im tfeo anoont of piotoia PMMBI la tho psotoia 
ODlittiea* flio iqpooiflo and aoXoar oxHaeldea ooo£liQdl«ito of VXB px»» 
t«liia «««• dotoMdaod l^ jr ttooooxliig tho al>aoxl>fliiGo of dlffmraot pxotifta 
oolutloao of kiio«B ooaoffttrvtloii. 
Aootjlfl^ioa of € «»ai!iiiie flzottpo of oirailliwilii waa oavfiod out 
aeoovAiag to ^ o m«t3^ d of Etovdon mA TaUioo (19^7I»)« Hoaieay 900 a« 
of o^ ridlRtaia vaa t4e«i la 90 al of 0,1 If aodlm pho^phsko lnff«rt 
pR 7,4« Aootio odijpdxldo vaa addod aXoiilyt %dtli ^mtlo atifilag to 
ii9io pxotoia aolutloa asftataiaod al 4|Pc, Addition of oootie aeihTdxido 
lovovo liio pR of Hio p3»t«ia aolutioa* fho pR imo Mintidaod ia 19to 
pR mngo pH 7*4<»7«8 by ttk9 additioa of 0«$ If aodioa hydsosido oolotion* 
Sti«tia« of ttio pxotoia «c»l«tioa vaa 0{»itii»i«d aftoy tho additioa of 
doaixod «Miint of aootio aaliydxida t i l l Hio pR liooaM atalioaazy, 91io 
aodifiod ps»t^Ui was first dialyaod agaiast half atftaxatod sodiai 
aootato tli«Ei agidaat valor and fiaally a^dast aaipona oh«ig»a of 
O.Oi M oodiiK fhoaiihato ImffoTf pR 7*0« fho aslutiea vas th«a flltoxod 
19iioit|^ a ailliposio filtor and atoxod at 'IfPc* A0«t;^«tion of tha 
lyalao xaaidaoo of lysoayao vaa porfbmod by a psoeodnxo idvKtieia to 
^81 aaod fl»r 13io ae«t;rlatioa of o^ ralhOBin* 
3tteoliislQ*loa of ovaliwwln wa® aehle^ rod fbllo%dn,^  Iti* otjthod of 
Klots (1967)* Jjolld oucdnic anh^ildo was adfi«d 82o\ily to tho oval-
toORtin solution oontainiag neasly 500 a/; pzoteln la 30 ml of 0,06 1! 
oodiuni phoonhato trnffoTi pH 7,4, fh© pxotein solution vao gontly 
sUxrroA dnrlm! tho addition of succinic isih^flds, 'Pho rwjctlon xms 
psvfttxnsd at 4 C and l^o ii^  of tho »}aetion slxtuTs \m& eaintndUiod In 
^ « fjW fonge 7»0»7,4 by ooatlauoug addition of 0,5 ?f sodluct hydsoxlds 
solution, \ft«y tho oooplstlon of tho rosotlont tho riodlflod piotola 
solution was oaetcnadvoly dlalyoed a^piinet 0,06 If sodlun phoophots 
huffoTt p^ ' 7»0, oBftd crtored at - l ^ C , 
JIaloylation of ovolbunin was porlbmed as dossTlbsd by Butlsr 
and flartlsy <fj72), Ftvs hundrod nllUr^mas of 19io piotoln voa talc en 
In 50 al of 0,06 i! aodluai i^ooj^ats huffsrt p^ 8»0» .lolld mololo 
0i^ydxlde vas added olovly In anell sraounts end tho zoactlon olxtuxs 
wmo /fontly stlrrod by t^o h^p of a mai^ itftlo atlrrsr, "Pho ^t of tho 
xsaotlon edxtux^ was anintalned In the pi! vsngs B,0»S,5 by alrtultmoous 
addition of a 0,5 *i aodlua hydioadlds solution, .\ftor tho oooplotlon 
of tho Tssctlon* tho !aodlf!l.0d pxopamtlon ima dlalysed a^ -jjiinert 0,06 I! 
sodlua phoa|5h«to buffer» p^ ? 7,0t and otox«d at -I^C, 
IHitsrratlon of ovalbur^ iln waa oarriod out ylth butyslc anhydrldo 
undor Bli^ llscr o^ortaontal oondltlono as tlosorlbod tsShovo t»T tacotj/lcu 
tion of tho pnxstdn. 
fhQ nwaber of ^ -aralno gxoiipa jno^tlod per moXeoulo of t*ie pro-
tein were qaantlt3t«d by the nlzdiyaxln aethod (ifoove md stein* 1954). 
fflitfiy^rtn s^agent 6l<ve6 a <?lole(t color with fyoe amino groups v/hldi 
iil>Qor!)e maxlfiiaily at 570 zna* Henoot a deOTecue In abeozlJmoe vdXl 
proidde a neaoux^ of the nwaber of aaino gxovcpo modified* ?he esq^xl-
men* vas perfbiaed by tiSsln^ ft different 'voltneg of the pawteln solution 
In a eexies of test tubes* 4fter making the final -volu&e to 1 !!il by 
vater In ea<^ tube* l ml of 4 H aodiosi aoetote buffer» pF! 5*5* and i lal 
of ttlahydzln veagont vere added. The test tubes were kept In a boiling; 
vatex" bath for exactly 30 nlnutee and then re^dly eooled under tap 
water. Five millil iters of 50«f (v/v) ethanol vae added to eoeh tube 
fm& the oontoats vere filtered, fhe edjoozbanee vae read at 570 nm 
against a blank \Moh vas prepared aiiallaxly as the eeciple but was 
de-vol*? of the protein, ^ e amount of the protein In rallHgrams was 
than plotted against th@ aibsoxtoaBeice for each modified preparation as 
well aa for unmodified o"valbuf!dn. This :^elded strel^t llneo of 
Tajr?lng slopes depending on the extent of modmoatlim (see l^s. 5). 
The e:rtent of nodlflcgtions were detexnlned f*om tJie slopes of stral^it 
lines dhown in Pig. "5 wl13» the help of the fbllowlng equationt 
Pereont modlfloatl«i • 100 (1 «» m*/m) (1) 
vftiere a aid »• represent the slopes of the stral^t lines obtained for 
modified snd unmotHfled OTolbtnln preparations. 
B. ?i»stim f^fl s^t '^'mt^m M^^m^ ^'^^a^g 
«Lthou#^  the procedure employed for the modification le speelflo 
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fl?::. 3« "Detefflalnstloa of taie Qxtemt of aoylotlon of aRlao gzoups 
of ovalbiRala* The noaifloa pzotelaa with -ttie oactott of sio^ifloatioa 
given In paronthoseo t^rot A. Hativ* o-v l^sifisdii (0:^1 B, ac^t^sttod 
ovalbumin (21^01 C« aucelnylaftod ovalrnnain (32^i B, aaloylaftod oval* 
botaln (35''')l #^ laaloylatoa evalburala (64^t S*. liutyrstea oval^ mniln (90f)t 0* soeoin^ritod ovalbiialn (92^)t aa<i H, aoot^atod ovaLtoMsla (95«0, The lines vero drawn by the aothofi of least eqnaree jmd the 
percent nodifLostlona vere ealculated tsoa the slopes of Ibe lines 
using equation 1 (see text). 
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Ibr €<»nii)e gxeupa of tSie pxottint th« possibility of "^e aodifloatlen 
of tyfooyl Y«8ldus8 oamiot he rulsd out« This posaiMllty was oheokod 
usinir 1 M hyAroxfLmAj%9 as t9ie dsaosrlatiiifi xvagsnt (RioTdan and 7aXXoo» 
t967a)« HydTDxylaRiao tmder edld iOlcailins eonditions spool floally 
dsaoylates aojl-O-tyxoss^ yoolteoo \dthottt affsotlng Uio acjfla*«d ajidno 
groups fRlordaa a»d Valios• 1967a). The dsao:^a*lon of tyzoslxis xssl* 
dues pxoduoos a dsflnits Inorsass In the abaoxt»Qnos at 276 »a« Thust 
"^e tyxoslns xsslduos aodifLsd vers qcosaxtitstod by fitonitoviag the 
Ohanss in abooiftflnoe t^ 278 nm* A sot of matohsd sllloa eel ls vsxo 
pXsood in the rsfsvsnBs and aanple ooaqpaxtasnts of Bsokaian BE-2A spse* 
txophotoastsr* Tws a l l l i l i t ers of 0.0$ 11 sodiaa phoaphato buffer and 
2 al of pxotsin solution vers taksn in ths rsfsrenes and saopls oon-
paztaents rsspsotlfSly* A ooneentrstsd solution of hydroacylanino was 
propaxsd and i^s pH was adjustsd to 7*5 by t V sodiua hydroadds, Ths 
solution vas diluted with vatsr to give a 3 M hydroxylanins solution* 
One mill i l iter of this hydroxylaoino solution vas addsd both to "^s 
rsfersnee end ths ssetple eells* The speetxa vere reooxded in iStte vafs* 
Iflng^ TmifS9 ?50u260 rm at different time InterrBls* The reaotion was 
oompleted vlthin 13 nlnutes after the addition of hydroxyioalne* The 
ttuaber of tyrosine residues aoetylated yao oooputed froa the e<tu3tion 
(Blordaa and Talleet 1967a)» 
^^ A x » 
(2) 1160 X C 
\>fiere N ia the nuaber of Caoyl tyrosine rsslduest M i s the aoleoular 
vslf^t of the protein! C i s protein eoneentration in ag/ali A A la ^ e 
<&img9 in abeox4!»flnoe at 278 nai 1160 i s the inorsass in abaofptiidty dB< 
to ^0 doaio:Asblon of one aol« of 0»ae^ tymsino amaidvuis* 
PoXyaeTTliialdo goX oleotn»pbox«M.a wm p«r:Q>aa9d act pH 8,2 It^ r 
tSio method eseentlaXly due to Bails (19^)• Vrl9T to uae* gfiH tul»« 
(0«5 oei X 11 <xa) v«x« iMuahed vitit a datergcsit eoXtttiont rinsed vlHi 
vatert aad linaXly dxled* ¥he tutee v«z« «lHooniB«d with a 5^ 
dichlozodimethyl ellane aolistlon la ohloiolbm aid then fixed TsrH* 
ocaiy %d.th thelir love? ends t l ^ t l y eloaed >dl13i xubber atoppere* T%n 
mUllUteTs of aaall pore gel oontelnlag 7^ »ez^«iildef 0«18<$ T^pU^m 
nethylmie Me aor^anldet 0*06^ H»NtH*tK*«.teti^ Bi0thyleth3rl«nedlasi]ie 
and 0^(Bi mmaiai.vt& fereolfaete vesfo added to eaiah ^el tuhe* 'She surfaoe 
of aaall peve sA vae oo-veved vdHi few dxopo of water* Mtmf 30 mlnutefl 
of pol9ae3l£atlon« -^e water layer wae rKaoved and t^e gal tuhee %mm 
rlneed twlee vltti the l a r ^ pore fs^m l%e latter oontalned a»5^ 
aor^^nldei 0*621^  N»!!*«^eth^ffia Me aersrlMldef 0.12^ HfH«H* tII*«.tetraN» 
methsrleth^rlonedlaBliiet 0«00i^ nho flavin and 20l£ auoxoee* Ahout 0.2 ml 
of this solution vas transferred to eaoh sA tulie and the sorfaoe \mm 
ooTored vdth fsv drsps of ve(ter» fhe photopoljaexlsactlon of the l a r ^ 
pore gel vae ftffeeted hy placing -^e tnhes under a nereury lanp, After 
pol3f»orl2atlont the water layer was renoTed and -^e tva»ea were rinsed 
wl'tii a aaall oEiouat of -^e aanple mil %lilcii ooateined ahout 0*1^ p«N» 
tela la sddltlon to •tee ooBipoaents of largs pore eel* Heaxly 0. vO« 2 »1 
of saaple geH was applied and phetopolj&exiaed* The sA tuhee were 
th<n placed in the eleetr^phoretlo tank siaiti that the pxotein ooatala-
lag end of eaeftt tube was la -tilie tipper eliaaher* ?sle«0.yolae haffer* 
1^ 8.29 X • 0*02, was aaded to the two chmliere of ISie i^paratua mth 
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liSiset the lov«r « i ^ ef the j^i tulses made oontaet ^l i i the buffer 
iihile ^ e upper onAs vere not oompXetely dipped In the butfer, ?ev 
drops of a 0,01^ hr^ao^enol laOLue aolutlon vere added in the upper 
c i^sebert ^^ l^on 19ie buffer vaa added in a "w^ luae suoh that the siOL 
tubee \i9T9 eoapleteXy dipped, Hleetxophoreals vaa earzied out vi*^ an 
^mdio <mrrei].t of 4«5 nA per tube Ibr aiiout V2 hours* The eleetxD* 
l^reeia wae onntiaued t i l l iJie brstioidtenel blue front had migrated to 
nea«ay three ftiurth of the goi l«nglh« After eleotrophoreslet gele 
vere earefully reao^ ved from itie ^§^ tubes m& stained f&t one hour in 
l l s»idsehvaxB solution in li aeetie aeid« Destaininj; vas perfbrsed 
aedignioally % vaihing the ^ I s %d^ 7^ aoetie add* 
Speed fie esEtinotion ooeffiei^Bt of Hhm laodifled ovtabuidA pr»-
parsHons vas ('etex^ined as desoribed eaaOier under the head *X>ry 
ThenoXie titration of fl»dif|ed «id umodifled oTalbumin was 
per9>med al diffennt ionie strvigths in -Uie |^ wmim 7»12 and at a 
tfftperaturi of 3CPc by stmdaaed praoedure iCvmrnmr and Heilberser* I943i 
Maarl and Baaahuddint t971te). ^ e solutions ^QTB prepared by taking 
in order* protein aolutiont potasaiua ehloxlde and potasalua hydrssdlde 
in eslibrated 5 tal ^^oXtisetile flaslcs* The final volwae was made up to 
5 ml hy Ifce adidition of w^er. The protein oonoentration was ateut 
t mg/fal^ The ultraviolet apeetxm of ^ e pxotein solutions was gone* 
rally recorded within 15 ainutee after the addition of potaaeitn 
hyftsoadflo In the vav^ o^ni^ th irmcQ 36(VS50 na. pn fif ifi© ptotein aelu* 
tioiMr vore fiQasare^ belb»» and «ftoY speotvax faeasaveraants* ^ aifpt^ 
ftoant aiffosmiee was neittood, '%o alkdline diffevenee opeetswa pw^ 
^aeed by Hie Iwnlaatlon of tywo^rl xoaiduos tfiovod a peak a* 295 aa* 
The cJian/t© In nolar ©actinotton at 295 nat A 6 » %fas taken to be a 
nemmre of the loal»atlon of t^ nsoo l^ veoldues* "^e ntwiioy of phcsnolio 
l^oupa ionised vins o^oultited by tUviainn A € a* 295 nra ibp 13he 
pw>teln by 2300» %|jic^  lo 19io A 6 ^ c imluo Iby the ionii&action of 
1 Eiole of tyrosine (Ormmer and Tfetibeyfsor, t943l '^ 'aRt»rd «id Robertot 
f55?)» r>c«rtte«inf; ooxrootlono were foistinoly emdo by estrapolttlng the 
#iflOTl>isiee in tho rand© 360»740 no to 200 na« Ovaa.bun.in to oooplotely 
denat«ro6 in 5'1 ©looldin© hyflaoehloildo (tidieiiiatai ©t iil,» 19551 8^«iaa 
and nsGtftitaddin* 1976) and lo esspootod to be ao in CSdn»TfCi/us?©a tjilsture 
C5 H fpanl^tto hydtoc^lesldo • i«^ f! aToa). '?hox«fbrof oi l *<Sio 9 
tyiofltne residue© of ovalbirdn yowld bo cwallt^l© Ibr titration, ^n 
»alslni3j the p^^ of the pxotoin oolution in 5dn.HCl/nroQ riijctuse fioa 
#t 7 to ^ I5»7t ^ o value of A € vao ftj«nd to be 34490 era t^^ jl© a* 
395 mx yhid^ \»tild Tield a vnlue of 2721 OQ /^EIOI© ibr tho iontiiation 
of on© 5iol© of tywjslno in this oolvont. "flse latter vnln© i^ ao uoed 
in tho eaaetJlatioa of the ntnber of tyioayl sesiduea ioniiaed thwu^tioat 
<*te pH vmm of titration. The fwmroibility of phenolio titration 
both in fiuineoue aelntlon and In 8da,lic:i/urea isalxture wao ottidled by 
flret expooin^ tjho protein eolutlon to tho deoired x^t tar 12 honro 
and than loverinr: the p?l by the addition of C» 5 ^ hydxo<^lortc aeid. 
•Ph© dian^ In oibsorb s^ioe at 295 rm wao iShmi noamired. 
1^ * iflPlfglt F„CTtatS^ g[tl£g| 
Solvent pertttittation ©a^eriaento ver© ponte raod tm goooenonded 
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laty Herikovlta mA Laiicoviiki (1962a) ia 0.06 U ao<3li» jiboe^e^m Imtfme^ 
pR 7«0t md ad ?CPc using 20^ (•/•) diia«^2^ WLktaitLAm aad 201^  (T/V> 
•th?l«i6 gilyooX as peytuxliaDta* Th9 piottln ooaoentraHon was in the 
»»gs 2«5*>4.0 m^al* Bdur v l^X aattehed ailiea oalls weze eelaotodt 
19ie tie vof^xwio* e«Ild oozxtaliuid Msp^etiwXy pzi»t«ln m^ 20i p«rtuzi» 
ba»t aolutlons pTsipmnd. in tli« ^@|)licit« txafferr m& ^9 tvo soapl* 
eella haA pmttAn oontainltig 20^ pextax%>ant aad the YniffiKr aoltitiens 
se9P«eti<vely* Pxot«tii ooaoffitratiozis vovt idsitloal in the refeYenf^ 
aad 0fli&plo QompartmoBtd. Th« d^ffexonoe spQOtyua vae x^oovded in t^e 
v«if9l«ng^ region ?60i»a50 aa vithin t5 ainutea aft«r the Edition of 
the perttixl>)«tt« Id^t eeacttcrlng eovveetlone veve done as deaoxllied 
oibo'm duilng the deeeription of apeotxophotometxlo titrokion. Idka« 
vise* the anliraat per«fti!^ »etion of model mlactwra ooixtainine fi^aoet^^ 
triptophan aeiidet K-ae^ t^ rl tyrosine 0^fl eater « d lUacwtyl phflnylft. 
Imine elhyl. eeter aonaiatont %dt9) the e^itwita of tryptophans tyrosine 
and phenyl s3.«(iine In evaXhissin (Pbtherglll and BotherglUt 1970a} vere 
prepared and the difforonee apeetma recorded, lite extent of perturi» 
hofeion ^ the ox^ t^nio gol^wnte (aofi •*/•) was expressed in tome of 
^ ^ ^%m^ ^ 276.280* ^ « ^ ^ ^ 285-288 ««P^««»*8 n^ increase 
in isjolar extinction d»® to -ttie aol'vimt p^ irturtwaction and ^ ^j^^oan *• 
"^e eiolar extlnetion at the vaveXeni;^ 276-260 na inhere ahaorptlons 
of l^e modal idartitre end protein soluticms ves« maadLmun* 
13* Yla^allsy ^9ftaiiHWBi«tg 
lor "Qieeosity meastsreiaflnta Kimax and Cannon-Fon&lEe -«lsoomotera 
%rlth tlaea of fal l fbr vater of neaxay 520 «id 430 seoonds respeeti-TOlyi 
vere t«fein« ^ e ideooaeter vae oarefuUy olesned hy first waahing vith 
aistiXlttd val«3P« I t waa rlnMa with aethanolL m& dxlod hy pascLns 
duet f£i8« iiip* The "slooemiit^ r vaa kept in on ixisuXacted %r«t«v te^ 
%ilioa« t«rapor8tits« %faa aalittailnea to 29 j^ 0«0^C b^ ' drettlntlng iMt«ir 
fvsB a ISioi^ iastael typa tx»10» pus^hosoa f]R»a 1>«atdh Bxporlf 10? Bexiia 
CfSSR). ?lmea of fall of aolvsnt sad piotoin solutions 
liy t^ io holp of a aftop»v«cteh ha^ng a laaat ooint of 0, i aooonda* Bo^ r 
oadi aoluti(m 3*7 aoaamranenta of tho tiao of fall vora maflo and tho 
amiTagst of thaaa ttoaattgaaanta vaa uaad in the ealoulation of redoead 
viaooeity* fhe r«idoa arxor iniiolvad in the maaaiirmant of time of 
fall «a@ its^illy x ^•'^ aaoonda* ^ o danaitiea of the aolvant and l^a 
pit»t«in artXutions were detaxtained t^ wal^ iadC their knovai <«>luaao* 
The density of the aolvont* i,e»^0,06 *A aodiua phosphe^ ta Imffert pH 7.0* 
vaa aeasured to ha t«0026, Psotaln aolutiona of diffaxant oono«n(tr»> 
tiona in the ysige 0«a»0,9^ (wA) vere praparad hy tiding atooic pxotatn 
aolotions md aonobaaio i»d dihaeie aodina pho^ataa hy vei||it« The 
final ^luae vaa adjuatad to 5 ml hy vatwf* The eolution vaa paaaed 
ttixott^ a sdllipoxa f i l ter end 4 tal of thia filtered solution vaa 
flharged in the ^aooaetar* The tiaes of fall of the aolTont aa veil 
aa pxotain aoXittiona ^ere rooordad tmdar idantioal aaq^riaental aondi* 
tiona. 
Reduoad "dLeoootty aeaaareaeitta at hi^er ^ Yalneo vara aada 
at m ionio atranglh of 0,2 hy tiScing re<miaita emounta of potaaaioa 
fihlaxida and potaaalun hydroadda along vith the pxotain in 5 al iR>ltt» 
aatxlo flaalea* pi! aaasnGreaenta of the pxotain aolutiona vare aadt hoth 
helbre and after 'viaeoaity aaaaarcmenta. The diffarp^oa hatvaan the 
tv9 ttesanrenanta vaa usually not aore than 0,2 pH unite* 
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fhe s^ dlueea ^smeAty was otilettlsl«d hj the help of eqpicvtlon 
(fai«»Td, 1961) i 
7^  = (ef - ^oio)/^oU'C (5) 
irih9T9 7 o ®^ '^^ reduced visooaltyt €* snd ^ossre the denaltiee of the 
piotein solution and ih© aolwnt vespeetiTely and t and t^ ^ ®*e 13i« 
vespeoti've tiaea of fall of the tMi aolutlons in "^e visoometer and o 
i s '^e prot«An. concent ration in e/^* ^® redaoed 'viscosity waa eel* 
eula^ed at different pzotain concent rations by the help of the aboirc 
eqoation smA vae plotted agsinst pxctein concentration* The atraijlit 
line %ias dram by the method of least sfaareai the intercept of 'Qiia 
line si aexc pr»teln concentration gsKve the intrinaio vieoositytf^]* 
of "^e protein. 
14. Tamwiliirti^a JB^ Pol3iftfftiftB oX ABttMia 
?he enti^an solutions Ibr injection vers prepared by the aethod 
essentially due to Kabat md Mayer (196l)» using alua precipitatad 
proteins* To a pxotein solution containing neaily 5 rag piotein par al 
vas added 0*5 «1 of a 0.5^ solution of potasaiua alminiua sulfate 
(alua)* The oontants vera tho so uglily 9ii3Esd« In order to S0t Qaadaum 
praeipitation* the i^ I of tiie alun precipitated piotein solution vas 
raised to pH 4.9 vith dilute aodiint hydzexide solution* The antigon 
solution vas prepared lust befisre injeotion because long standing of 
this solution caused fbrtsation of large aggragstea* 
Trior td taiw8Jla«lioa, MLoed vas az^ awn fi»a oabh rabbit* This 
iieyv«d as tho o&nts&l sasuei in 1h« ^ba9«]Q«nt studies on IrsMistlsatloii, 
H i l t to ttn valib&t« vare imtnaaisad b:f izi^oeting a total of 120 as 
sntlgia par vaibMt, In the first iMHdc a total of to ^S antigan vaa 
injaatad la 3 Injaotione on altamata daya« In tha aaoand* thixd aid 
touvm va«i£a 20i 30 m& 40 mg of ^ Q mtla^ aKi vara injeetod« K£t9r a 
yaat panod of 5»6 da^ ra a ^ooatar injaetion ooispxlalng of I3»t5 B« 
pmttiia vaa nlfan* fha aatlgon solittlona vaya jUiJaetad in ^ a aaari^ Liial 
vaisi of -ma 7a(bMt aazv Aftar tha aontplatloa of ^i» in^eotloa aehaduia 
and a vaat parlod of 7 dayat tha raiiMta warn hlad 3»6 timas liy oazdlaB 
paaetuve on altamata da^ fa* n^mA^ 20 wl lilood par TSkhMt vaa draiA 
aach tiaa. Clot feisaatioa vae «llovad to trtca plaea fbr 4 hovant at 
«ooa taeiperatiixa* Sas«Bi vaa l^an elitalnad lay omtrifUgeEtlon «id vaa 
atorad at •icPc in pras«tioa of 0.02*? sodiua aalda* 
?h9 oojaplasonta vax« Inaetiwtad by Inouhatin/; tha antiaaxua at 
5^C iter 30 minotaa, Tha ptasanoa of antihody vaa detaetad by Hag and 
praelpltia taata ivm Kahat and Mayar* I9$t)» Jibout 0.2 ml of tha 
antiaazua vaa takan in a thin tuha (0.5 «» x 3 «a). A diltrta aelutlon 
of l^a mtt«m vaa lay»vad owr tha antiaayoa aaxafWLly tio as to amid 
iil3dag of ^ a tvo aolutions. 5?ha pzaaanea of the sntihody vaa indloatad 
by -^a ibxaation of a praelpltia nag at «ia Juaation of tha tvo 
solationa. 
Boabla dlfftialon tafihnlqiie of Oa#itarlony (1949) vas aaad to 
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doteot th« i>xe9i»oe of tlio mtilioAy and to stDdy t^o oxoss^sofietlfity 
of tho modified mtiggns* One poxttfiut agnr aoXtitioii oontainiag 0*03^ 
9od&i» aeido %ias pr»pax«d in 0,9^ ao^ua chlotido solution mud hootod 
to lOCPc UBT 5 mlntttes* HoaAy 2 aX of agact aolutloti %i«ts ifiiifbBOy 
lajfored on mioxosoopio sXidss, 7h« agar aoXution was allovad to oooX 
to xoom t«aperatUTo bofoxv %f«lls VOTO aado* ^ o oontnOL vtXX eoatfldJMd 
tho mtiMrum md 'tiho fbttv poxiphorail %f«ll8 oontolnad tlio modi21<id md 
wsaodified mti^Mia. The diffusion of ihm ant l i^ and gntisexia vmt 
allovod to tiico place £9ir 3 houm at To<m taBparaturo and tav 2A honra 
ad ^C* The presenoe of ontDiody %iaa Indieatad by tho fSomatlon of 
preoipitin aaros* The gels i^ nra la^m vsahad aetearal times vith 0* 13 H 
aodiua Qhloxidet plaeed fbr 24 hours in dalonised water* fixed in 
Bethanolf and finally etained tax one hour u i ^ %% solution of eoddo-
sehvase in aethanol* Destaining vaa peTft^ xned »eehaQloally idth a 
solution eontalning eP.aoiei aoetie aeid and tte13ianol in the ractio of 
1«9 (• / • )• Finally «ie g^a vera vailied idth aethoaol and dxied in air. 
lamaaoeleetxophoreaia vaa easnded out aa speeooraanded by Ovaber 
<1955)« One peroent agar solution in 0,05 M bax^ital butfer» pH 8.6» 
oontainlng 0,02lS aodiiei a^ide vas layered on isiexosQopio elidea* After 
aolidifleation of Idie gel a thin dUismei vaa oat in the middle of ^ e 
slide. Tw vella were made on either aide of this channel* Nearly 
20 nl of dlfferant sitigane oontawning flibout 30 ug protein was a l l i e d 
in each well* The slides were plaoed in the elootrophoretle ohacitber 
filled with the barbital buffert i^ 8*6* The eleetras^reala was 
e»nled out ihT 3 hours wiHi a ourrent of 3<*4 mA per elide* Th^ mti* 
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©©Twa vsffl thati plooodi in the chcamel and tho pi?oc1.pltla reaction vao 
alldi<fed to tske plaee for 3 !«»urg at yfi^ and for 24 hour© at 4®C* Th© 
rjolo VST© stcdnod ag doaerlbed aljov©. 
Qoa»tlta*i"vo procr!.pitln tityastlon vas perfijiiaed as cleooxlbod 
by Holdelbes^r nnd Kondall ^1035)# K fixed 'wsilurao of Jtitieetwo (0,5 fa3|) 
Vila teicai In fliffejwtt eontrlfti^ tubeo. Tncroasinf? eonoontTatlnn0 of 
antincen vore nddod to thooo taboo and the Hn^ l^oltitao vcu) inado 'to ? lal 
In oabh ttsbo by ^© addition of 0,06 M oodlua phoophtrt© buffert p^^ 7»0, 
n.a oentrtf»«^ tu)>«. urn ko^ ft>r 9 hour, at T / C ^ ^v^im <A 
4®C, *^o suopcfidion In mdti tub© vao oentxifiin^ and vaohod, twleo vlth 
Of>ld i»!m«5l oollno aolutlon, ^© ontifjaBwantlbody pToolpitat© was then 
dlsaol'vod In 0,06 n KCl-JICl falr-tuye* pH 2, i , and ife© pjwtoln oontsnts 
f39a0a*©d by tho raothod of lavry ot al, (i95l)» 
^« T^n^iO^agtsK^ Hatted 
^ 0 prodpltln loactlon vao aloo studiod by turbldlRiatrlc tiothod 
as U80d by Vincent ot Ql. (1969), ^ o ojctont of proclpltation was 
aea^vsd by the oxtant of liii^t soatt©i<ln£» at 350 mi. The solutions 
oontalnlnf! sntigwi and mtisexuQ ymv9 prepared in tho tammar dosozlbsd 
abo'v© Ibr quaaitltatl'TO precipitin titration, \ppiopsiato blstiks \i>ey© 
prepioed uoini? noMal rabbit serua Inotead of opodflc mtlsorusi, 
M^t seattoulnf! moaauresenta wor© aado after 3 houro of atiti(9sa»eaxtl» 
body reaction at T^C, 
m . Rssnxirs 
OvailbiMiiit ft»fihXy prvpaared tmm 9gf^*%hXt9$ gave a aing^« 
o^MMtvloal poak on s^ phadex 0*200 ooluem as sKoioi ia f1.g« 4* Howo-vw* 
aft«r «toraffs ft»r naaxl^ r 3 aon'ttis at 4 C» tha aana pxotaln preparstlon 
gavo tvo p9tk9 oorraspondiiig to a miitov aod a major firaotlon (aaa 
Pig, 4 B), 
In addition to issino gmups < ot oriA € ) of psotainst that aro 
pradoaizumtXy fMdifiad idth aeiA anSi^ rdxiaaat other protain gxoupa ^at 
may bo ae^rlatad inoXuda tyzoainat oyataint and histidina* The poaal* 
liiXity of the ctodifloation of pxotidn gxoupa o-^ar thm € »amlno 
gn>upa ia ainiaal in the prasanoa of hii^ oonoantrations of aoatata 
iona* Tha ^taminal ^yoina of o^alliiiain ia E»aoatylatad (Harita* 
1961) and hanea tha pot«itiaX anino grcmpa of o^f^hietin ^Itich ara 
ai^aotad to ba aeyXotad ara 19 €«»acEiino gzoi^ a^ (fb^or^Xl and 
^tSiarglXXt 1970tt)* Vdth 1100 isoXar aaceaaa of aeatio ai^ydzlda 951^  
of tho e -aaino gzotipg vara aoatylatad vharaaa 20 moXar axoaaa of tha 
raanmt pioduoad 21^ siodifiostion of l^a ^ «aaino szoiapa in oTaXbUGiin. 
K& tyxoa^ raaidues of oTaXbtiain ooma nasEt to € •mii^ psoupa wi'tti 
raapaot to thair rsaotl^ty tovarda aoatio onhydxidOf i t vao t ^ a ^ t 
naoasaaspy to ahaeic poaaihXa O^atoatyXation in tha tvo aoatyXatad dixna 
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deTt-vati-tms of tyxtudna TOsiduea Uilc^ ootild bo fJioziltored bjr l^e 
tmnm^ In aliQos^ snoe a* 27B m« l^oi 31?^  aoet^atatl oiraXbufiln vm 
troatoa vltS^ 1 I! hydroiQ^milnot pi! 7»5t fl>r 8 houro. thoTO vmi m 
tnemme la ohgosfeaseo a* ?70 wa 8iif$ioatta^ ^ a t none of tii© 9 ^fsou^ 
«»al<ltt03 of ovrtll'ntaln voro chcnloally taodlfled aurtBg aoetj^ l^ sftlon. 
^iwwTt ai'^il^ ostposiaeiito %ilth 95'^  aootsaatod o'valtMinln dhovod an 
iBOTOaso la ab«»f*aM5o fiwa O.^ SO to O^ B^B *#iloli aooor<51ni^  to equation 
^ wooia ooiwopond to th© rvxHflcation of 3.3 ty»8;A rooldttoo. •^o 
stoole a>lwtl«n of 95 ^  aeot:;la*0d ovolbisalii M&B thoroitero treataa vlth 
h^soss^mla© m ortlor to dooo^ l^ato tho «ieaiflod tyaos^ roaianoo^ ^ o 
-^ joiUff-Od piotslnt thus obtJ^noclf «ao uoed l^xou/i^iit t^oso studies. 
*m0 rootilto on <*iQrnloal loaifloatlon of lysine reelduos In ©"roltat^ nin 
\Ath aoatlct sueclnlct mal0lo» eaafl btityrle anhy^rltles ar© chowi in 
f ^ l o IT, It la evlclant ^a t 0-aoylatlon of tyxosyl woldues of 
oTsaboila dia not oocwr on EKSC!! Position idtfe awoelnle md laoleic anh^ 
dtldofi. In 1*10 case of butyrated o*valbw?ila» the Inoreaao in abaoxbanoe 
at 278 W3 vtpon tyeafeaeat with 1 'f hyds»syl8Riln© aolutlon vao fron 
r>.4?f> to f>»4?9 \Jtiidti votild Inply that noaxly 0.5 tyissalnQ roslduoo of 
o'valtii»nia wore nediflod In 90^ butyratod ovaXbuisln, It lo to bo noted 
that «nllfce othoy aoyloted doxlfsstlws of o^wabuislnt birtyrotod ovsA* 
btnln #soved a naiked tendency ^ r ai?f^ f«gatlon a* hiffier I'^ nic 
stiHBiii^o. f:meelnyl«tl^n of onino rsmups la pjore specific ol,nce 
fVwieolnya deil-rotl^ of tysoslno la hlifily unst&Osle CKlotsst 1967). 
\8 ^mva in '''^lo tTt t%a suocin^ated dotlvatl^ros of ovolbunln veiro 
obtained, la slso%ti by hytlwHyloRlne tTea*?nontt the tyrosyi tealduoe 
of the t\» oMccinyiated doii'vaffelves woi» not raodlfled. ^faleylotlon 
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of mdjao gxi^^a of the psotolii i s lamva to \» yovaralblo (Bntlov anA 
Hastloy* 197t)« ?ho aalo^aftod doxlTatl'voo of tSto piotoiii 3C« atoblo 
alsiw pH 3*5 ^ t aopo deae^stod bolov pH 3«0» 
Poly»oryl<i3id0 a»3. olectxoporosis of oirallay^zi garve as many as 
6 pzotoln bands as »hQ%si in Fig, 5 A.« These as veil tm other eXeottt)-
l^ret io ex;ierlae»to iliioh axe to &>lXov VOTO pe7£»xmed In dupXieate 
at 3 diftexwit pxotein o^noentrations nwnely 70t 100 and 200 tag 
pzoteln* Viihon diaer under the flret p9fk of Fig» A B %fas eXeotxo*. 
phoreeedt 2 'banda %flth relisti-ve moMlitieo of 0.56 and 0,26 vere 
oMsined, On the other \im6 the i;tono»er in the seoond poiic of ?ig« 4 B 
ga^e 3 psotedUn hmda %d^ 3e r^sti've moMlities vere seamnpod to be 
O^ T^ t 0»63 and 0.52 C«e« f ahle III) , ^ e 3 1ia»de fi»und in the ease of 
aonomer presimaMy oorrespf^ nd to the 3 f^ractione A^ » A^ t and A3 of 
oTalhursin (?e«am«m, 1958) • As indioated by relaii^ve eXeetxophoretio 
fsoMlities Case fable I lDf the 5 piotedn baada fcund with SKmensesio 
aad dinerio preparations of ov^btisin in fig. 5 ( 3 sid C) oorre^^nd 
to the 5 of the 6 pxotein bends ^titdb. ami be detected in -^e eleotso* 
phoretoisraas of ti^le ovaXbuain (see i?ig. 5 A), ^ a 8ia:t^ hmA posalbxjr 
arises tmm the fbxmation of sn agigre^e ^smr than l^e dtaerl ^lia 
ai^iregation prefwnably ooourred in the ilioXe ovaXbur^ iin preporaction 
but not in the indlyLduaX preparations of nonoaer and diaer. The 
eXeetrnphoretogrem of 2l€ aoet^ated oYaXbu^ iin vaa siaiX^r to thai of 
ovalbw^in (soe Hpi, ^ A and "f)). Hoveirer» with hi^er degrees of aodi«. 
ftoation* onXy 2 protein bsnds vera InTsxlabXy o^ainedf the roXatiire 
ooneenti^iona of the major and alnor baade vers about 93i and Ti 
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Hg. 5* HlectwmhorotogWBis of natlv© aoad sK»di£ted ovaXbuialzio 
obtalnod o» 7*^^ (v/v) polyacr^ecdde gels* }5loct«>i^reals was peirfbxaod 
iisln^^ 0»02 M tYio»i;p.:^]ie tiuffsr i^ 8.2, A.bout 100 ug pzotsin vaa 
spplieil in 0,2 ml lurgo pore gel anfl eleetx«>;^re8edi ISOT V 2 hotups by 
applying a euTrent of 4 mvgsil tube* The gels iiere otaliied vltli anido* 
sohvast mA destainea neohanioally by 7f> ir/y) acetlo sold. A, Hati^ vt 
ovalburaini B, oifiiLbaalii dlaeri C, ovaLbtnln nnnooeri D, 21^ aoetylated 
OTalbuatinf % 32^ ouecinylated ovsilbuialnt 2?. 75^ maleyls(l;eA ovslbiaralni 
G, 64< aialeylated ovnlbundai H, 90*^  butyrafted ovalbtniiit I , 92^ sueoiniu 
lated ov«a^ iur!tlnt and J, 95^ aoetylated ovalbixaixi* The saall 
in«Hcat0 the pcoitlon of tracking dye (b»0T?ioph«»l bltie) in eabh fjel* 

H«la(M.f« iloMlitiea of 0'9ak\man aid Ito ^noaitxlo mA Blaidxie fossa 
?s«»t«ias Bolarlive ^MXity 
mmmmmm'itKmmmaimmmmimimm'mmmm 
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respectliwly. laterostlni^y the rolatl-w oememitTt^tonQ of i^Q MMBT 
and mnamsr measuTed 1^ ged filtralioa aathod in a ^vm offH^mAn px«-
pajrmtion vei*« »i8)p«Krtl<v«Xy 4^ end 9^^ Th«80 obMrrarfelons aro sd.9ilfl« 
esnt Ibr t w reasons* firstt the ooatrLbutlon of phoeiphate oos^«st to 
l^e net tdiarUe on p»»teln aoXeouXe »id h«no« to I t s atiodie noMXity 
a^ears to he ne^glhXe as oompared to ^ s t aade by the aoylalion of 
6 -amino gxDups of oTiilhiiexln. Conseiuentlyt one irtusuld esqpteet thscfe 
only mr^ nomer m^ diaer WEiuld aofo as 2 pxoteln boids as has actually 
boon noted here* Seoondf these rseuXts are aiao sog^sUim of the fast 
that aoylation of the 6-amino (poops of ovallMala vas uoifbxa* i*e*t 
aodifled ovalbiB&in preparatione in ^ i s study vers all hoiao^meons vith 
respeot to dieedoaS. tnodifloation* FoXyaorylsiaide ®il eleetxophoresis 
of different aodifled oTalbirain preparations vas pera^rsied under ideotl* 
oal eaeperiaental conditions* The reXati^ rs isioblXltyt B^ t^ fl>r each modi-
fied pxotein vas oaXeuXated by dividing i t s ooblXity yAtti Itiat of the 
bromoi^ enoX blue in the ease geX* The H^^ r^aXuest l^us obtained* are 
Xieted in Tatflle I' .^ 9h© precioion wl^ vhidi HQ oouXd be aeasfarod was 
better than 1% KB esq^ected* 92i snocdnylated ovrabmain ha^ng hi#est 
negati^ re charge at pK 8*2 had the hi^est enodio saobLXity* 
C* SpflOtgia S1\i^M 
OvaXbunin absozbs aasdUaaXXy near 279 xm* Upon aeyXation of 
i t s antno p^R>upa« the extent of tAXtra^ ioXet absorption deereased 
8i;pifloantXy without «ny deteotabXe aXteration in the position of 
absorption isaxistts!!* !7he resuXte are graiihioaXXy ahovci in Hga. 6 md 
7* Tho -<mlues of speelflc eactinotion ooeffledents measured at 280 na 
for various mo^fied fbras are Xisted in TabXe IV» It ia oXear that 
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as rsttch as 11^ * ddoxeaaa in opedflo •xtinotion oo«£fieiait ooeunred 
%*jan 17*to ot '«fio 19 I3f8tne reaiaues of oTalbuii^ dn (PotlterglH and 
Fothavglllt 1970a) wore aoyl^^d. It flhould \m pointed otit that th« 
speotrttn of 6Ai maloylirted oTallii»ii& was «x|»«ot«dly quite dlffaroRt 
fsBom t^36 of OTaXbit[!dn, The entering nsO e^^  group atoaoytis 8tx*^n^y 
l>elov 280 zsa* The spoctxuta shoved a hurap near 276 ns (stm Fii^ » 7 A). 
This hutap appears aa a pe^ in the epeotsuei of 3$^ QaXejrlatdd o^volbuain. 
t* SaeotipnhotonetiAo Titratlpyi 
The inerease in pH tovords alkaline venston os»sed Ted shift in 
the ultxwviolet speotyuGi of oTalhumin* Aa can he aeen in Fig. Bt the 
opeetTin ohiained at pH 15«2 Ahaved a peak at 291 na ^d a shoulder 
near 284 na* The latter has hem. afctributed to the pertuitiation of 
tryptoi^oa reaiduea (Hiddifbrdt 1964). The alkaline differsnoe epeot** 
rtfea of the pmtein showed a maximum at 295 nat md a fldnimum at 272 not 
(aee Inset of Pig. 8). In addition, ttkem are t w iaosbestic points 
near 280 and 270 nn. The position of the masdmna remained xmaltorad 
hut the differemie in absorption inoreaaed on inoreasing the pH of 'ttie 
protein aoliition. These speotral features are d^iaracterlstio of 
tyxosyX ioniaation in proteins (Craaaer end Heaher^rt I945f Tanfi)i?d 
at a l , , 1955f \«etlapaferi 19621 Ansart and Salihtiddin, 1975li). The 
inoreaae in the molar extinction of ovmllMtain at a given pB over the 
extinction at p!I 7 gives "Qie differenee in aolar eactlnotiont^^^ # %4ii<di 
at 295 na i s a measure of the ioniaalion of laie tuneoalne x^sidues* The 
plots of ^ € a* 295 na versus ^ fbr ovalhugdn were attained at 5 
different ionio strsngWis, i . e . , 0.03, 0^13, and 0,20, at 3GPC. The 
results are thova in Tgtbles V-VII m^ Fig. 9. The opaa oiroles. 
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H«T« 8, Ultrav!.ol0t spejctra of ovalbufiln at pH 7.0 (A> and 15»2 (B). 
'^^ tfiaflft cfttoirs alkaline dlffsronca imootrura of omL x^Kain a* pH t l , 2 , 
'?TiG fliftorano® spaotmra \vas obtalna^l oy aubtraotlng i*ie a&lar axtiaetion 
of ov«ilbiBaln ert p^ ? 7»0 fiom "ttiat a* pH ii«2 at each vavaL€fi£Sth, 
h«xa#9nsf and tylfsi^es jrapzvwBxt •3q^exi!a€ntal points oiit^dned in Hid 
Ibtward tltvationt ^ e^ filled on@e rwpxMMnt the points of ISio badcvsz^ 
titystlon* It esn be saen tSist 1^ 9 phwoXie titration of oiralbtEulA i s 
T9^mreihle up to pH 11»95* Oa rinsing tho pll alsove pTf ia.O» tiai» 
dependant chimges in^^wero otila&ned su^dstix^ alkaline donatuiraEfeioa. 
At pH 13* 2i tho valUQ of ^^waa 20860 ora /liolo v*il^ uould eiean •ttio 
titration of 9,1 tyroayl reisdduest ainoe ^€ ISur the titration of one 
isoXo of tyraaine has been reported to be 2300 OB Asole (CraBtter «td 
Heuber^er* 19431 '^mtovA md Bobert8» 1952)* Thered>re» aU of the 9 
tyxossfl realduee (Fotherglll end Fotherglllf 1970a) appear to be avad* 
la)de Ibr titration at i^l 13.2* The nuaber of tysoa:;! re^dues ioni»ed 
at different pH raluee vere detexmlned from 19ie observed valuas of A6 
and are Hated in Table Tilt* Xt i s clear f^m t^e titration results 
of Fii^ ^ 9 aid Table VI that 4 tyros;^ reMduee of ovalbMrsin were 
titrated reversibly up to pH 11,95 at an ionic strmk^ of 0.13« When 
redueed vleeosity of the pzoteln was meaaiirsd at different pH TalaiM 
alieve x^ 1$ It was fi>und that at an ionio strength of 0,i3t the redueed 
vlsooalty of ovaXbumin regained faiaXtersd by raising; the pll to pH 11.4* 
%diere 2»3 tjioeyl residues vers reverslbly ionised. Abo^ e^ pH ll#4i a 
aaxked inoreasa in redueed vl^ooslty from 4*2 UX/B at X^ 11*4 to 
16.8 laX/g at ] ^ 12,4 ooeurred (see inset of Hg. 10) tfag^Mtijag a 
subetflntlaX eonlbrraatlonial 6\m!k$s»m 
KB thQ phanoXic titration of oYoillMiain was re-fl^rslble up to 
pH 11«95f the titration data vere anaXyMd by tho help of Linderstxea 
wLeng eqaatlon (Linder«tsoa»X«ai&g» 1924) § 
5" " ^K IT^ " P^ Smt • 0*S68il' (4) 
-» 49 • 
Sp«otzophoton«tvio TltT«tion of Ovalbuaiii «l 9tfc» loi^o Stvxigtii 0,09 
PxoteiA oonoon* 
'295 ^ ^ 5 ^^295* 
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PolJrta obtfldned dtixlng XQ-veroo titration fitoa pH 11.95. 
- 5 0 -
Tame 'n 
Spo<rtiopiiotora«txlo Tltraetloa o f 0Ta3ibt«Blri «t ^ C , loa lo ^tvm0ti 0 . t3 
P^ tjwtton 
(i!ioIoaA X lOO 












































































































Polnta o'iAsdneA during xwerse tltrartlon 1mm ^ 11.95* 
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Tal&e ^n 
SpoctTOphotoBWtilo TltraEUon of O'wabuttin ad 3(fc, lonlo BtrongtSi 0»20 
I>H 
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i^«M « l 8 the A9gee9 of dlsaoelslloii at a g i w i pHi K^^ l e t}i« 
iatzliisle diofloeifKlioii oonstant of tfmnfl vtildu^si v ia t9id elsetxo* 
stasllo lJtt«vaiition ftMStoVt eod T i s tho ii«t diar^i on the p3»t«lii nolo* 
mile, Ahove pR 7«0, oTalbwaln do«8 not Mnd diloxlde Ions (Ceanpf 1953)• 
ThU8 Z in equation 4 oaa be veplaoed by h« the n^nber of pxotona bounA 
per pxotein iioieeule* *^& vmloos of h at different pB ^^tiee and a(l 
tvo diffennt ionio styengthe* i»e«t 0.05 m& 0«13 ve^ ee tflk«n tmm the 
publi^ed hyasopei ion titrertion data of evsPLbUKsln (Caimasi et al«t 
1941). Vlhm p H - l o « o ( / ( i « a ) vae plotted againet fff Uaear plote 
vore obtednod up to pH t1«4 <oee Fig, 10) bo14i at ionio etxeni^ 0.03 
and 0« 13, stTlkin^yt ^ e 3:iindev9tioai»Laig plots beoaae noa»linear 
abo've pff 11*41 the ^ of the onset of oonibsifacfcional chmge (see inset 
of 9ig» 10), At ionio stxength 0,03f titv«tioa vasulte f^ ioved 
«^e aoattezing. Hoverert %dthin the observed soactter of the date 
Lindevstroau-liang plot ean be seen to be linear up to i^ 11*4 (see 
f ig , 10), 4 least aquares Analysis of ^ e results of flg» 10 yielded 
^ i n t "^^ ^ ^ vhieh are gl-ven in Table TtXI* I t i s olear "^at a fbtii^ 
fbld iaoroase in ionio strengtSi had no effect on V^^ ^QI (I0*3l) of the 
2 exposed tyiosyl residues but p»>«3uoed a laasdeed deorsase (26^ in 
the long rmim eleetrostatio interaotion as measured by v* Hie ^eo-* 
txostatie interaotion faotort Vt vas theoretieally oaloulated using 
equation 5 (^anlbrd, 1962)» 
|2 / RIC C-:^) (5) W3^efR ^ 1 -flCa 
The impXioit asaimption in equation 5 i s thai the (barges on pxotein 
sphere are tmilbmly distxibuted and that the pxotein i s noa»pQnetr»> 
ble« In equation 3 e i s the unit of eleotzon oharget 1) i s the 


















Rtiftiire of Tonia«tion of fymnfi Eoaidiios of Oralbiadii «l Jffio 
Conditions 
HtBBlwr of Hedxie«d 
tit«tt«a '^ 
J5*iat V lat«A 
ioaio 0tTm0h 0*13 
pH rmg^ 7«t1«4f 
lonio stmift^ 0»13 
ionie 8tx«iis^ 0«05 
pH t2.4f 
ionie tftvmglh 0«13 
pH 13.2 
In Gdn^ HClAuraa 










10.31 0.032 0.035 
10.31 0.043 0.050 
10.01 0.019 
a fho r«dueed ^viaoo^ty was oaXeulaitftd fmm th« latsl&fl&e tisoecdty 
£9? ymdoaly oolltd oTalliuniii (Ihaad and SidLflhttddiat I97S) &elag 
HttgisLns equation (set Tenfi»rd» 1961). 
« 56 • 
aieleotxle oonatant of ih9 ataivat k i s Boltaaan eonatrsxtt 7 i s ths 
t«ap«r«fciive in K^ mA C i s the tlxicdOEisss of ths ionie stiaospiers i^8« 
7 7 
•alttos ar» osleuXatsd to 1»o 0»709> x tO' im& 1«41t7 x tO at lonio 
stxfngth 0»03 and 0«13 rospeotiYolyi R i s ths mdius of the pzotela 
sphsre mA i s tsktn to tw a7«3 A^C^dyvwst 1970)t and a i s ^ s 
di^tflnoo to %/Kieh the salt ions avo sxoXudsd fjEoai ths osntsr of pxo* 
tein si^sro md i s usoalXy tslcsn to Iw R • 2.5 A? (fantjjpdt 1962)• 
The Yalues of w esXoulfxted hy the help of equation 5 axe listed in the 
last Qolwm of fatOLe VXIX, Bvidently there i s gpod agreeBent between 
the oaloulated tend the observed vaXnes of v act ionio strength 0«t5f 
i^ere tiie preMsion of the experimental results tias satisfactory* 
The titration of oyalbuain vaa slao peribmed in a !3ixture 
oontadning 5 £1 gasnidine hydrodiloxlde and 1,2 M urea (O^buHCl/orsa 
aijctnre)* fhe results are depioted in Table IX* The titration oaa, 
be sefln to be rewraiblQ up to pll 12 (see Fig. 11). No time dependant 
eSiftiges in A€ %Kire observed at # 12. A least squares analysis of the 
daeta of Fig. 11 according to equation 4 i s ehom. in Fig, 12. The value 
of h vas oorapttted fxom the siiino aeid oomposition of ovalbUiaiA 
CFotherglll !»d Sbtherglllf 1970a) using the eaqpeoted pK values of t^e 
ionisable gzoups of protein in oonoantrated solutions of gusnidine 
hy^ioohlortde (^add and T«ifbrdt 1967s). The plot of pH - log oc/ 
( V « ) wfis fbund to be linear. The v^ues of P*^^ ^«^ v as ootaputed 
by the method of least squares wore lO.Oi and 0.019 respectively (see 
Table Ti l l ) , Intereatin^yy atssilar vrslues of P%{i<t (9.9) and w (O.OlT) 
vers obtained by Sozaki and Tjsafbyd (1967b) fbr the i^ianolic titration 
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^a^9 IX 
1»ltration o f OTaHnism in &da.HCX/area 
Protein oonean* 
tTfltlon e 


























* Points nVtg&n9& duzlng 
^295 














































































































Hjt^ It. PhflooUo titration of ovallnEJla in rfda«IICl/uroa ssiattttre 
«t 3CPC« '^ he filled otrolQs rtjpyesoat the ex^oviAcntal polnta fiar the 
re^wrse titration ohtainoa by lovorin/^ l^e pH of the pxotein solutien 
p*e>ftou8ly exposed to pH 12«0. 
The pxotela vaa ftrat expoaed to GdiuHCl/urea alacture fbr 
12 hatiTs fsid "^ an the pH vaa Inereaaod to the (^MITOS Talue hy adding 
1 I! ton aoltttlon* In the reinsnie titx*ation the pjwtein in a&i«HCl/tirea 
mixture vas espoaed to pH 12.0 Dsr a hours ^d th^i hxou^it dovi to the 
desired rsXno by addin?^  1 II HCl solution* 
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16 20 24 28 32 36 
h 
Pis, 12. Plot of "me data of Hg. 11 aooowSlng ^ Llna«ra*»>ij»I.jis 
equation (oqugitlon 4). '^e atral^'lit lino vaa firam ^ tha motho* of 
leaat aquaraa. 
• 60 • 
kno%«i to eidst in a oxos»-Xlxiked i«idom ooil oonlbmoetlozi (S^ahuddla 
ana fmtsTAf 19T0). 
The ishflBiolio titration of the 6 mylatisA dexl^vatiiws of o'valtmrain 
vas perfbxTsed at yPc »id at an ionie strength of 0*2 in order to detexw 
sine 1^ 0 ntKiber and nature of titratabXe t;fme^ residues avai3.ea)le in 
each modified ibra. The resulte are gn^ica l ly i^wi in Pigs. 15*15 
and are ettmaazlaed in Tatole X« The titration of 32% suocinylsted j 
ovalbiiain vas revarsihlo up to "tM 11.4 (see Fig, 13 O vhore the ir^ue i 
of ^ ^ j g j (5400 ooVaola) oorreeponded to l^ ie titration of ahout 2 ' 
tyrseyl residues* The ^snolie Mtractlon heharrlor of 33% male^ flseted 
O'valbisain vas identical vi*^ that of 32i sueeln^acted ovalbumin. In 
64^ malaxated ovalhU{ain» about 3 tyroe^ residues vers reversibly 
ionised up to 5H 10.9» Strllcin^y, in 90^ butyrated ovalbiedn only 
one tyxosine residue undervent reversible ionlBation up to pH 11.0. 
I^e phenolie titration in 92f suoeinylated ovalbumin vas similar to 
that of 64*^  maleylated ovsabosin* The titration of ph«iolio sroupe in 
954 asetylated ovalbimin vas reversible up to pR 11.0 vhere about 2 
phenolic gioupa vere available fbr titration. I t ^ould be pointed 
out that the number of tyrosyl residues vhlch vere reveraibly ionised 
in i^difled «id unmodified ovidbuisln} vae invariably less l^an ^9 total 
tyrosine content of ovalburaln. A a^dntltative treagent of t3ie tltra* 
tlon data obtained Ibr aaxlaally modified ovalbwilns aecordlng to 
equation 4 shoved non-linearity of the curve betveen pH • log o(/(|»o<) 
and ff. This su^ested that aaxlaally modified ovalbuntins <3a.d not obey 
Xilnderstroiii-Lsng equation ( l . e . t equation 4). 
• €l « 
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« 64 « 
Bumaasry of Phenolic Titrsrtii^n of 'Jo^flod end t&Kiodlfled Oirallnssins 
rroxwiae -Htwrtloa ' ionlaed 3P»imralbly 
OYalbwala 
521t siseelnylsEtod oT^tNxaia 
35^ aal«^at«l ovalburain 
641^  m«l9flsit9& o'vaaLtKrsixk 
^i liat3fT«tt«d oTolbunln 
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The aoeosslMlity of axomslle oih»)oo^i*»9 la the m«5lfled mA 
mmQ&itl9& 9VsOL\xmtnB WOSPO inimati^ited la 0,06 M aodiuet iiltoas^ato 
to 280 mi in th9 proMRoe of 2011 dlmeth^ solfiii&de or «(%h^ fn« ^yo(»l, 
The tvo pertttrbgytta psoducod c s^notoiious inoxnaMi la abaox%anoe of 
o'valbtxain afc 207 am duo to Inoxtoaae la 'Oie refraoti-vo lades of the 
madluEi* Aa shorn in Fig, i6t tlie laoxoaae la aliaozteanoa v l ^ laovaaaa 
la partturbant ooaoeatratloa waa llaaar aogipatlag that ao al^ilfiesiit 
ooafbanatloasCl cheaga la ovalbuala haa ooeunrad by tha addltioa of tha 
tvo pdrtiiyl>snta« Thatf the aa^l^ ooajbatotloa of pxotalaa axa not 
altarod liy 20^ dlaathyl soltbxida md athylena sSlyool has baan oatab* 
Xiehad oa aavaral ocoasloaa (Ranfeovlta and I^ aiAceviAclt I96aatbt 19^t 
lama aad XBeaat 1976) • 
The aolfent pertarbatfeloa dlffeyaaoa apootm of oiriilbUBila saad 
Ita modlflad fijiaa a»a doplctad la Hge, 17 ;«id 18* The <|uaatltla8 la 
oTdiaatea have already bean asplalaad la the *^e3rineataX Baotloa*. 
The charaetaxlstio features ^leh aape tfiaarad by all of tha pTapavottioaa 
of ovalburala asKsept 90^ Imityratad ovalbii^la ave ^B pxaaaaoa of a 
maximum (or rtioulder) at ^0 na end a proaowioad maximum ael 236*288 Bm» 
The aolveat pertuxl^tloa aiffer«aea spaotnn of 90?l butyretad o'vaXbunm 
la preaaaoe of 20^ dimethyl aulfbadde la aho^ ai la Fig. ^ B« There la 
detectable aoatter la t^e da^ a* BoveTert a bxoad peaic la tJie vavileaglh 
ran^e 288*280 am osn be 9eaa« By eoatraat» the aolvaat pertusbatloa 
dlfferanoe apectxum of 90€ butyrotad oTalboula la 20€ eth^flaae i^yool 
#iova the uaual iftioulder near 280 am aad a peak ael 287 isii* 
PERTERBANT CONCENTRATION,^ 
Pis. 16, 'Sxtant of aolvent pettufbstloQ of nafclYo ovall^aain as a 
function of wertuttojsit eoncaatrartlon» Th9 -ptttvafbrntB varo tHaoth;/! 
sulfbJdae ( 0 ^ » ^^ eth^ane ^;yool ( # ) • ^ « eaq^xlaant vas parfo*-
med m 0,06 ¥ aoaiiaa phoophat* touffert P^  7.0 by takUig p«>t«ln solution 
and parturtant in 5 ol -oolwaetrlo flaaks« ^ « t « rofor^ne® oaXls 
contadndd ro«i>«ctlv©Jyt 1« protein aolution in tha phoffiphoeto lwiffe»t 
find ?• the partnrbsntl vhoreas the t w sataple oolls ooBtaElned» i» the 
nittteln solution In the pertuifeantt m& 2. the phoai*iste haffe^t re«pee« 
tlvely, Bxtjoa© oaro waa taken to ensure idantloal ptotein eoneantra» 
tlon In th© reference mA aawple ooapartaenta. The eactont of p»Ttttx*>0p« 





The ovlislii of ^<e flno artsneturos in the aolTont pexliuxbatloii 
dltteyenee a^eotra depleted In Hga, 17 mA 18 vas etu^ed by i&easaxlnK 
the speotral peztnxt»ation of N*aoet^ tyxoalne ethyl ester and H^aeet;^  
tryptophan aodlde md of isiodel lalxtiiye oompzlolag of ^acetyl tyxoslai 
eth;yl eetert Ti^ aeetyl tvyptophan «iiide and lS»aoetyl phenylalfloiine eth;/l 
ester in 'Qje nolar aratfclo of 3»9>19 oonalstant \Ath the roXative ooneea» 
tTationa of tyxo8lne» tryptoiOim and phenylalanine in ovalbumin 
(Fothorglll aid Fothergillt 197(^)# The resulte awi ^lom in Figs, 19 
and 20* As em he ee^n in ^ g . I9t ^ a t regaxdlees of '^e nati«re of 
pertttxbgRtf '^e peak at 378 na oharaetefiees the perttix1>ation of tyxosln 
epeotma \h9T9a» iiie laaadJiiia near 285 na i s due to the peztnxlMtion of 
tyxogine and tryptophan speotra* Finallyt '^e peaic near 292 ran ari^o 
fxom the perturbation of only tryptophan (^eetxm* i^ -^ identlyt in the 
oase of the taodel laixturei the oontxibotion due to the perturbation of 
the 8pe0tri» of phenylalanine %faa too maU to (tMV up* Coneofiuentlyf 
the differenoo apecstrura in Fi/5. 30 i s de^id of any tine etxttoture in 
'^e vsfelenglh rang^ 27{>»250 nmt «here the fine etsvetaree in the 
differ«ftoe spectroa are attrtbated to the pertui^ »afcien of l^ ie apeetxai 
of phanylalanine residues (XmsaA and Bo-vey* 19^)* Xn vimi of l^e 
obsenrstions of Figs* 19 snd 20 i t i s quite reaeonsdile to asaoae that 
the ml'vent pertux^ation differenoe speotra of i!ioM.£led and uncodified 
oYslbuniin preparations depleted in Figs* 17 and 18 are solely due to 
the tyrosine and tryptophan residues of the pxoteinf the oontrlbution 
of phenylalanine real dues i s inoonsequential* There lb ret aoooxding 
to Heredcoidte and Sorensen (I968aib) £3llo%dng equations uould e^ply 
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250 260 270 280 290 300 3(0 
WAVELENGTH,nm 
9l£% 20* Sol-vont paxttivbaAlon difforono* sp«otra of wadeH BlxtOT* 
eonaiatiii^ of Tl^ aoot;^ . tyxo^Lxio €f%h^  eatert S^aeotyl tx^toph«i aoidv 
and H-acotyl ph0n2rlaa.aK)in« «thyl 98t«r In •tti* raolar ratio 9» 3» 19. ^ e 
erttiybanta tit©<5 wore dlraothjl salfbxlde ( ) m& othylono j^ L^ fooX )• The oatporlaontal pioeodtire wa» tho saoio «*8 dooerlbod In laio 
logond to Flg» 16, 
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\l)ei« X and y yopfesoat x«9p«etlimlyt tSio ntiib«r of a^qposad tTTp^-phmi 
mi& t^rosAMQ xvolduos of t^e pmteiMm llie valuoa of ^ € ifofor to tioXar 
stmvtlvity (31ff9S«iood SOT tho pi©t«ln and oodol oompoimdo (lUaoot^ 
tyjRjstno othyl ostor and l$-ao0tyl trarptophan acildo) at the doslflcia^oa 
%i«ivel€ng^ 8* Theoe equations xvprosont a sat of o^vosla^liig eitrf«s 
vhoso 01^ mpTotm&tn tho diffoTonoo 8s»eotraX po^s at 29V293 na eaid 
28^298 na. The ^ ^ iraluos fer li»aoot^ tyxosUio ethyl ester «t 
283>^B am €nd 29^293 »!3 usltig 20^ diaefhil eulfijside %ieve aeaetneed 
to be 1B2*9 and 25«5 on /isoXe Tespeotivtly aid Ihe xeap«otl<9« talaes 
fey H«ae«tyi taf!y{>tophfln ardde were deteisHxied to ^ 121,2 and 5a8,7 
oa^/^yle* t^ itto these Talues and -Wioee of ^^285.28rf595«8) aid 
^^29V293^*^^*^^ fbuad :ft>r ovallninilnt tSie t « equations reduoe to 
eciuationo 8 snd 9 in 20^ dimethyl sulfoxide* 
595.8 • 121,2 X • 182.9 y (8) 
442,6 • 5 ^ 7 X • 25.5 y (9) 
Tho ntntber of tryptophan and tyxoalne residues of ovaLbwiin es^sed 
to dimethyl eulfbxide vere thus oomputed by the help of equations 8 
and 9 and are listed in Table XI. Squscl^ ono 10 and i i were obtained 
tor 20^ ethylme glyeol u^n^ oxaotly aliailar pzooeduxe. 
- 7 3 -
259.7 • 69.5 X • 71,8 y ( fO) 
127.1 • 274.1 X • 8.5 y (11) 
fh« ftumbor 9f tyyptophffi mA tymtAM9 zwa&duoa df notl'to oviabustn 
•ig^8«d to «thyl6ii« #yooX ver* oaLoulaEtod by t^o h«lp of oqiiatlona 
10 md 11 tna ave ^<f«i in fame n . Idk^tdevt the eii^man of *iyi>-
tei^an aad tyxosine xvsiauos In tho ae^rlslod d«xlyatt'9«a of OTaXbtnin 
vox^ a oomputod tmi& the eoXfmt pertarbattlnn ditfetenoe t^ eotmik (eee 
?i«». 17 ma 18) aod the i«mats ay« imaaasisea in 7aJao 3Cr. It i s 
olear th«k Uie exposure of tyioslne and tTyptoplnea mslduee of o^ rai* 
liiffiiiii inevofteed sl^^flo^Bitly upon ehessieal laodtfioegHon of Ite 
€ •«dne gtowpe, Honeirert ^mm in the aaadmally iwdiflea oirsaboaine 
not all of t*ie chto^oplwxve are eacpoeed to the pevturbant^. Aa 
diaeth;^ anlfbxide i s a efeoxt range pextnx^oit (LaslEovaki^  1966), the 
tnttm.m %TBomv9 aeftsDred by dimethyl salibxlde i s ifsner^ly l o v ^ 
than that determined by e^iylone ^yeol. Wiie di f ferwti^ estpoaaiw 
to diae«iyl ettljtexide and ethylme iftyool i s amcti stove pxonounoed 
t»v ty«>»ja zesiduea than for t3?yptoj^yl msidues (eee T^ fede XT). 
Hydsodsmosdle piopesties of o^albuedn and i t s ^raxlous siodifled 
£»»!« veve inYoetigated by eolutsn oli«oaiitogx<^phy on a s^hadeat G-200 
ooluem. fhe ooluan %mB eslibrated tdth the mmktsT pjotoine of kno%n 
hydxod^naaio pifopertles. The dhjomaifcogpaijhio pxofllea of the aesker 
pioteina ae well as thoee of aoditted and «»odifled ov^limino am 
• 7 4 -





35^ aal«yl acted 
64^ raedeyXated 
901? l«tyr«tdd 
931^  soeein:/l9t«d 
99^ ms«ftyi9^9A 








































a Kunlwv of axpoaed tyxostne and tv^ophen vsMdnoa vere oalottXat«d 
ti0l]i0 eqtiationo 6 imd 7. 
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doltnealtid in ftSB* 21 md sa* 7h9 Told iK>ItttMf V^ » %ra8 detexoijji«A 
ftft97 paatliig 9'mrs 2 or 5 pzototn bsids* !!%« button «>luni9s ot 
diffevtttt pxot«in0 vmm uoxmalisod idtti th« help of the S>llo\dng 
e l^ttstiQaat 
lAieve K^  0dcid K^ ^ aara aistxitiution eoefflolQiit and anraAlatild aietxl* 
iKJtitm ooeffl«d«tt respeoti'veXy Ibr a gLvea pxoteini V^  la the 'wid 
iRjline of the onliiont ?^ Is the elutioa -voluae of a pxotetnf V^  la 
the Intestial 'v^ lixBie of 1^ « geX hed sad V^  la Idle total -vuloae of the 
Ipal in the oolusan* The S)stl fLltration diKta auomaxised In TaSO.e XZI 
vera analysed aooordins to l^e pxooedures of hmixm% and KlXlander 
(1964) and 4«fceV8 (1967) hy the hdlp of the S>Xlo%dng equationag 
(•logKgj^)^^ « A<B*R) (14) 
H • ^ • h^  9Viir^ K^ (15) 
%^«V9 H i s tha stokea radiaa of the pxot^ Lnt A» ^9 \ «nd h aye 
eallhyaction oonatanta tsT a ^rm &a. and erfie*^ ^a ®^ ^ ^ in^verae 
enov ftmetinn ooapliaent of K^ * & least equaToa tsuaysla of l^e 
data aeoordlng to eiitiationa 14 end 15 yielded t ^ 0t7al#it llnea 
it»m in fig* 23 aiere plot a A and B a t taie eqnationas 
(-log K^) ^^ • 0.182 H - 0 .0^ (ie) 
O • 
•0 
r* K g Ci3 
8^ d 
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WUT^ K^ » 0^220 R - 0.159 (17) 
fh« Stok** raSii ot tho sioAiflod tm^ unae>da.£Lad ovalb^dns ooBp\it«d 
f»m •<iafletioii« i$ m€L %1 9X9 U0%«a in ft3Bl9 lUX %ftio8« last eoluaii 
in thd ealtmlotlon of diffusion oooffloieRtt !)« and f^otional z^iot 
f/j^t aoooz^dng to '^e ibllo%diig •<|ad:tion« (Aadxovs* ^70)« 
B - k ^ / f i T V ^ R (18) 
t/f^ • K / (5 vg -^  / • ^ ^^^^^ ^19) 
KlioM k i s BnltasBtan oonatantK ^^  ie tho ooofftoiesit of idLsootdty of 
tho solvent in poiso* "i^  i s «io partial spooiae wlt»o of «io p » -
t«in iliieh vii8 %skm ^ Do 0,748 (Ba;]^ff « | al,» 1952) yoaaapAloas 
of the a«g»M of aoaifleaction* This aosixaption i s ^ustifiod in tiotf 
of tho foot t^ftt aonaturiction pxoducoo only aXi^t chants in paxtial 
spoolflo '^Ifmoo of pxotoino (Lo^ iaBiJo setd S£0S!janet 197l)» M i s Hie 
flioleouXar wsi^it of the pxotein and H i^e kmtsaAm nuober* Wi'tti 
7 • 0«010 poiael k • 1.386 x ^"''^•raw/^gnwl t • yoi*t mA yAtti 
the deteifwinod Talttos of iJtokos radiit tho voluea of B sad f / r veve 
oalettlated «id axe gL-ven in ?^ae xrv. •Pho 9 ^ filtration datta of 
?a%le ItlXX m& XXT tak«i together euiosested that Ihe Btokes raflias 
of o'valbnrstin ineveased siapifioaitly on the oheaioal modifiosti«»n 
and th«t ^ e inereaas in Stokes radiiis oorrslates %dth the esetsnt of 
c^eitioal mo<Hfioa(lion« 4a ea^ Kioted« tho diffusion ooeffioiont 
deox^ Aoed and friotlonal nstio inexvaaed vilh inorease in -^e esetant 
from Oel FUtrstion Data 
ovalbiiaiii Stok«s vadlua Stokes raddua hvevaggs Stokee 
preparatlone ^^^ equation from equation radiue (urn) 

































Value taken trom Andrewe <t970) 
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Valu«8 of Dlftti9io» Cottffioiaits and Filetional Ratio ealouloesd fMia 
a#2, s i l t ration D«fea 
OvaXbt^ attt proparatione Biffuslon aoot£ioi€Rt FiietionapL 
(om^/aacond x lO*^ ) ^ ^ ^ » ^ ^ 
Hafeiw 7*760* 1.17* 
2%i aeatylatad 7.488 1.27 
32*? attoeinylartad 7.152 1.33 
35^ malayla*aa 7.129 1,33 
64i nalaylaloa 6.714 1.40 
90€ liutyTSlaa 6.701 1.41 
92*1 au^oiasnatlaa 6,518 1.45 
95< aoetylaeled 6.714 1.40 
a 
Valttaa t^an £toa 7&n:&rd {I96i) 
• 83 • 
of di«raioal siortl:ac?tt4on, *?h08e eoneXuQiatts are mxpportoA by our 
Intrinsic •^soooities of 1*io ?!io^flo6 ovciltHrdna VOTO dotosw 
t3ln«a in 0.n6 1 ooaim phoop i^oto buffoTf pF^  7«0» an<i ast 3^C tmn the 
losuit squares fmal^D of tJie llnecsr ploto floplot«d la Hn* Mm ^ 9 
ro«»lto aro istvoi la "^ alJlQ X ,^ 
Tntringl© ifl0coait:ri JP/J» ^t n glv«n pajtoln la rolatod to 
Ita h^ratlon t>y 1*io aqunttloat 
Inhere 2) lo ^ 0 vieoofidty IneraRientS ^2 ^° ^® partial stseciao -goluia© 
of Iftio protein iliich wao taken to bo 0»749 ml/g| ^ 1 ® the portisil 
Hi spool fie ^lu!!ie of 13IQ 1 ool^ ratxl; component vhoso ai sraa was bound 
to ono gsrasi dry prot0ln« It la rooijonahlo to tmmms that tho vater 
i s Its© only ml^'ont oomponcwt in 1*io phosphate buffer itsaae binding 
to piwteln tdll hfsve sl^tfleant effect on tho h^sod^aalc ^Iwae 
of the piwtein. '^o partial ©pQctflo ^Iwi© of voter lo unity. \o 
doeerlbefl by Kuaits md Kauanism (1974) a hydration of 0»l5 nron 
vator per arm. of tho flry p»tein la eenalifterit lAIti tho hyrisofl^anic 
baha-vlor of o*79li>«nin. It will bo aseoaed that choEiloQl fiotUl^ lcrstion 
of € -snino i^ is9Ui> doeo ?iot alt or tho est ait of hydmctlon, nio choa,^ ^ 
in tho hyrlroctif>n «f ovf^b^rtint If «my» due to chcpdcca «30':llflcration 
i s not espeoted to have ?my alr^flcsnt effect on ^Q h^rodifnsBiic 
«. 84 <• 
0 i^^ d /(°;°d -13) 
• la Cr* < v 
v4 © © H 












• ' • ' £ s e ? • ' ' 
yM ^ ffm if» 
» 8 « Jl ^ P^  1^ )^ » • » 
• • • • • • « 
• " «* f» • * •» t " *" 
J? _1 _i • • • • 
^ • • *• MS \0 VO ^ 
t O^  \ 0 tfN • • V> S© O 
«<<? tf? tf? CO C ^ c l CE? 
w ^ %s "t Q5 I^ N t * t^> 
t* t* t> fr» \P OS ^ ^ ^« ^» . • . • > • 
I ^ I I I s I I I 
S 1 *» 
11 
% tt « « 5 tt « 
tt tt 1 S ft 
S w 9 0 O 
« a J i i 





i 9^  Ji i 
i! 6 o e III I 
pftiranotairs ooBp«t«d 'by the h^Ip of #(|aslio» 20* ?h9 valtits of 
<«i»ooslty lnexaa«at for the laodtfloA o^naiwnlaa %i««« efiIoulst«d l»y 
th9 holp of eqtiatioii ao and am 8i]8«iaxls«d ia TaJslo X?« ^ e -valists 
of aadal ratio# a/bt aaa fsictional ratio* f/t^f v«3P» ooja^ mtod f*oa 
tho Taluos of "vtaooalty iaeraaant by the atandaapa pxooodttro (Xms$ 
t96t) (Ki<S fla?« asi^ r^ Bn la a^bXe ]r7« fbr the amslaaily notified o^ voXIm* 
mlno 1^080 ^scofldtloa ors much hlglior than thooa (%4 wl/^ of 
typleal i^tmXar pxotoiniit " e^ Xongt3t of •qul'v^flnt olXlpaoldt L« 
vft« oaXoBlatod using the relatioa (Xangt 19^1)* 
L « 6.82 X to*® i£yj 11)^ '^ (P^ /i> ) ^ ' (21) 
vhoYO P io the aadal rsttlOf a/b* «id M i s tho moloeulav voli^t of 
tho pxotoin* Other teraa ha^e their umsOi sl^plfloaaoo. In the 
oaloalation of I* by equation 21 due oonsidelation vaa gl-vwt to "^e 
inerease in inolecular itei^t pxodtioed by -^e entering aoyl giottpa* 
The irolues of X*» ihtis e^ouXatedt are listed in f alaa^ e XY, In agree* 
sent vith the saX filtration data (see 7abaie Ml)^ the tdaooalty 
reoults of faihle XV aag^sted that cheaioal aodilieatioa eanaed 
inorease in the effeotl've hydxods^ aanie "wlune and that the extflnt of 
aoleeolar eaQ>analQn Inoreased vlth inoreaae in t3ie extent of «hendoa3L 
iiodifldatioii« It should be noted that ideally ^ e 'falues of fMo-
tlonal ratio ealeulated aeparately from <«ieooalty and ^iH filtration 
d«ta should be identieal. Hove^ rer* ae oan be aeen from table HT and 
Vff the values of friotional ratio oaloulated by the ty» nethods fbr 
a gi'ven preteln preparation %^ re algftitlomtly differ«it» One probable 
reaaoa eould ^ tho isidQirtalnt^ in ^ « tsiLnm of h^ratioa r«t^awd 
in the ealeuXflction of Dioeoslty msuXtSt 8ino« Mff^rant ing^ ues of 
hydTsi^ loa of OTalbicalii vmigUm tern 0,1 to 0«57 sna vadoif boond poir 
grrni ixy ovalbiMin ha^ vo IHMII detoxisiaod ^y diffo«<«it phyidoo^die^esl 
todhniqaos (Kt&ilta m& Kmammmt 1974)* la ftdiitlon* ^1 flltTs(fclo& 
l>«|ia^ ?lQ7 l8 xmt as soaslti'VQ as liit»ln«io ^aoodLty to tli« hydaa-. 
d^ siaEaio pimpoxtloa of iAi@ pmteixu Hnallyt in §93. lilti^ttoii tli« 
h3rd2*atl(7A of irarlotto maak&r psotolna oood in 1^ « eallbx^i^ioii of 
Sophadox 6»-300 oolisaxi a3^ oscpootod to 1>Q Mf£memi% Eog^o^ooa of 
this a!iaxi oaeoxtalntyi ihfi ooneltialoa liao^d on seH fLltntion mA 
'^soosity oa^oTiaflnts tfiat ^ o^ offeeti'vs hydsodpiaaie ^lisao of 
oimlbmin Inoroasao with Inovoaao in "^ o dogroo of oh«ioaX niDdiHo^ 
tion V0@adlns isioq.iiii»eal» 
In ortlor to tost %*iotlier ib9 tm^ldlag of ©•^Ibaaiii induood 
liy dtimie^ siodifteatioiia V9B oxelitfliiraly duo to oXeotiostatio offoota* 
tho TO^eod "vlsooalty of 9^^ auooin^ated oTallxMia was dotoxiainod 
at difforont iosio st7«ngths« fhe roaulta aya gmaisaxlsad in Ta^e Vft 
«hi€h aXao oontaiAa the imloaa of xndtieod tisooaity fbr natifo and 
9§f> aeat:Aa^9^ ovaXhusdna, 
fho olootx<98tatic fipoo aaergy of tho aodiftod and msaodiftad 
ovalbuaina iifaiw oiaottlatod by tho halp of th« •aapxooi&oii (fiai:&»xd« 
196l)f 
VI , « •^ , - C 1 • ""•'" • ""•"""' ) ( 2 2 ) 
01 2 B R 1 • t a 
lf$90ta of lonie StxvBgUi on 1iti9 Roduood Visooadty of 92i Snooln^gded 
Oirallnjaln pywparotions ^sooalty y" 
<ol/g) (£oal/a)l«) 
1« HfstrlTWi 
( i ) fH 7,0, lonlo strmsth 0,15 
( i i ) pH t1*2i ionlQ efttm^ltk 0,15 
3« 92^ saeeiiiTlatod* pH 7*0 
<i) loxiie sts^eng^ 0«0l 
( i l ) loiide stxwigtSi 0,15 
( i l l ) Xonio gtxwigf^ 0,90 
(1Y) tonie sty«igtli 1«00 
?• 95€ ao«t^»tod 
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^9V9 W^ ia the eleetxoflftsUo tne mnarsBf ana I Is the ii«t dtimtm 
on the p»>t«iB aoXemtl*, Oth«r t«ni8 ha*f» < «^ 8«i« ai^£Leane« as 
in e<|itation §• The Deliye-^oekel paraaeter* C # va« oaXeiaatadi using 
t^e e<;uatloii (Tcfifbrdt 19^1)» 
8 A H a^ ^/^ ^ ^ y'^jnr (25) 
1000 1) K T 
vhei*a X ataiida tar lonie atxvufl^* 
9he net oharge on ovalbnain ait pR 7*0 i s near -13 (Cmmm «t al,» 
1941) Oiltih v l l l be Ineveased to •46 vhen S2i of i t s amino gmti^ a 
(i*e*« 18) h»r@ been suooinylated* 4ooos^ing to equisti^ Eis 22 and 23f 
the dhange in eleotvo static ftpoa energyt i»e«f ^^'^ pfoduoed by the 
aoqiuioition of 36 neis^ ati-ve cjhar^ ees in 92^ saooinyXated ovialbaniin set 
pH 7*0 %AXX be 21,9 KcaX/aoXe at an ionio otveng^ of 0.15 (see 
?aba.e XVX), It om be seen that the TaXue of ^ ^ ^ deoireases vith 
inereaae In ionio stxength. On raising the pH of natiire oiraXbttsin 
to pH 11,2f Hie inereasa in SXeotxoatatio f%ee <9nergy of o'r^busiin 
i s ootaparable to that found on inoreaslng the net negatl-ve dharae 
on ovalbumin noXecuXe by 18 in 9§1^  aoetyXated ovalbumin* Roveveri 
the redttoed vlsoosity of ovalbuciin at i^ 11,2 i s the oma as that 
*»imd ftir oTaXbuEiin at j^ i 7.0. t&ider sliaiXar oonditiens ^ e reduaed 
viscosity Ibr 95^ aeetyXated oveOLbumin nas way h i^er (see f able XVI), 
The differeneea in iiissunoloiloaX b«havior of ovaXbwiin and i t s 
DA'Vwi aeylsttd dovlTSti-^ ios wove tflttdied liy istisiinoeX«^xophoiraal»t 
dottlAo aiffusion and q;amtlteKtiim px«elpitln tttnttioa aotliods uaSLng 
ralbMt antioeya raised aiEsinst ovalbymln and 95^ aoetylcKtsd oYalliindii* 
Douta.0 diffttsion sxperlmenta on ^ s taodifLsd m& um^sdilisd 
ovaXbuRiins v«T<e p«r£9x»sd si pH 7*0 using nOiMt antissyin a^slnst 
^5i iiestylstsd oralbusiin » d ths xssults avs dspiotsd In Hg* 25* It 
oan IM sasn iSnst spurs srs :fox!asd in saeh eass saoospt In tho oass of 
90^ butyrafcsd oT?ilbt»ain («id of o^urss in th« oase of 95^ aostylatod 
ovallauain)* The rssults vsre vepxoduoibls in fl've indsp9idsixt 
expsTlaents psribxmed at ^tfessnt dates o^r a period of one aonth* 
Vihen the aotlsexum against oTslhietln vas usedg spurs vex« Ibzsed in 
the fbllewlng oasest 64^ malesrloted ovalbunint 905^  liutTraEted oTalho^n* 
92^ gueelnylated ovaXbuKulnt md 95i> aoetyXaeted ov^hisaln* Ho spuir 
vas notloed %d*th J5i maXe^ated ovaX1iuaiii« 2^% aeet^^ated ovalhueilnt 
and vdth nat l^ oTaXbuntln* 
Using (Sttlserua raised against 95i aoet^ated oTalbuialnt 
lnBaunoeleotsophersses of ovaltiwsin and i t s sefsn diealeallsr modified 
f&-ma vers carried out In 0*0$ M bsrMtal buff art pH 6*6, The results 
are siKo%n in Fig, 26. As expeoted* 92^ sucwln^ated oTaXbmln shoved 
masltauB no'raciit towards fsiode fblloved by H$ aa3.e:irl.ated o'valbuodn, 
7he Tsobility of ovalbumin vas under«laBdaaily lovest* 
iT^vsioeXeotxophortsls of the modified mA uoaodlfled ofsaboalns 
vas perfbxmed vlth the mtlsexuBi raised against ovalbaEiln under 
• 91 -
n«tlw fflia%»aiflea o^ralSSalns. The 0€Rtral veil contaUioir«i« aotl-
sainifs fi»fl tho perlpharol wells ovj^ iwiialn or cme of I ts oo^fleA ftixne* 
The pwjtelno veret ovalbualji (OT)I ^I*? ooetylated ovsflL s^ialn (21)« ^ 
•?2<^  sttOoinylBrtoa ovalbiwiln (52)» 35^ aaleylrtted OTallWRAn (35>t 64** 
msaejlatea o-^ alboidn (64)« 90^ butyrated oiraltowalii <90)t 92*^  suoeinj^ 
liatod oT^bumin (92) I aa^ 95^ ^ aootylstod o-^ nlbaain (95)» 
95 
— -^  92 r j 92 
95 
^ 95 
9 0 ^ 9 0 
95 
95 
95095 ^ , 
95 
95 
- 6 4 ^ 6 4 
'' 1 
95 
JH^^  W ^ ^ 
^m ^^ 
H i 95 
^ ^ ^ ' C 21 
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Hs, 26, IsnunoolQotxophayesia of ^tl«95^ aostylrttod ov?i»Xburain 
vlth native mxH aodifled ovalbiimina, The t^ln channel in the aiddXe 
of sllAee contained -the sntleeTum* KLl the s^bols have the s » e 
eigmfloaiee as in H^ ?* ?5* 
64 ^_ 
9§i ^ 







35 " , 
.^„i,;2itt 
- 9 3 -
•scpexiaental oonditlons idaatioal to iSnom d«oefl1i«d aibomi* %• 
vesults flho%diig oa^ pvtel|dtin afc in each oaM IMTO qualitatively 
aiailar to that glnran in Fig. 26, 
QiiBntitaKli'vv pvocipitin titvalions of o^ faatnaain and i t s aa^ non 
aeylatad daiUmtivaa «ith anti«otiai)min antiaaxuai ^9X9 p9r&>mB& in 
0.06 ri aoaiua phoaphata 1wilt«»t pH 7,0, «id at an ioate atx<ana^ of 
0* 15. The rasulta in tema of aaslaus ianiaiopxaoipitation oblslnad 
vith eaeh r^aiftod oyalbisain pyapavation aaea aiimaxlsad in Tabla XTO, 
%diaTa tha paxoant inmiaiopxaaipitation vafava to ih9 momxt of praoipi-
t«ta olitainad with a gl'wn modiflad oTaabmin p»apayation s ^ a t i ^ to 
that fbvnd jbr nat i^ oiraltyaain« Aa ahow in fig* 27f tha inoxaaaa 
in Btokas raditia of native oTaltwoin dua -to c^ aod^ oal raodifioation 
Qoitsad daoToaaa in imisimopxveipitation. I t ia oXaaar tSiat tha ^ayap» 
tion of native pioteia eonfeioation of ovaXlnnia aa avtdanoad by 
inesaaaa in etolcaa radiua ^tdti oooitTxad upon eiodifioation of i ta 
lysine xaaiduaa oosreXatea vail vith ^ a loaa in iianruosological aMSti«» 
vity of tha piotain, Puythert rapodlaaa of tha type of aoylationt 
the jbttr masdaaXly ^aodiflad ovalbtiraina n^aly 9$^ aoatyicxtadt 92^ 
aaooinyla(tad« 90$ butyvatad» and Hi a^aylstad ovaftlMi^ jaa had i^ Uailar 
iiamimologloal cioae-xaaetivity. At lovav dagreaa of ssoditioationat 
the o»»8a»3*eafltivitie8 of ^ e isa^diflad ovalhuaina M9X9 aaEpeotedly 
hi#ier thea ^oae i&\oim by aaadmally oodifiad ovalbiaina (aea Hgu 27 
and Table XTO). The®a iwsulta aa^saat that jaodi ft cation of a few 
lysine zaaidiaaa of ovalbuain did not ai0:iifloaatly altar the «rtig«io 
mike»up of native ovalbnoiin. 
• 94 • 
Swmeets of PfoMpfitin Tlti«(ioii of Eal>Mt AziU^Ovflabmiii mtlMxtn 
H(*tl^ 100 
21^ ae«tyl«t«a 93 
9$<l Ka3.«9lail«d 86 
641^  R«3.«yi«t9A 40 
90l» l«it3rr«fe«fi 56 
92^ aneel&^s^aa 40 
951^  ae«t7liil«A 57 
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STOKES RAD I US, nm 
3-5 
Pig, 27# Ii*atttiolog^©al aotl'd.ty of notl'vo mnA faodifl^a oTolbiipdiia 
\dth sntl*o-valbualn QB a function of Stokos radius* The psnteins fxoia 
A to H V979 '^o a^Q aa in ?ii;* 3» 
E«sult® on quaB^ ititafelT© |>r©<^plti» tltipatioii on aioilifled aid 
esSLlf fltiavn in Hg, 28 arid aye talsulated In ?al)lL« TTltlt fh9 maaclaiuii 
^meiplttttlon olstaln^ idth oaeh oiratlliaBdA pvep«y«lioa x«lati'ri to 
Hiad itoimd ul*^ 99$ ao«%3Fiieted e^ ral^ RMln i s gliran in fable XIX« It 
e«i tie ssan that vdLth th« eies^ption of 90^ %ntf««t«d oYaXlaimin Oiicti 
g0;m 12€ e»»s»»x<«aotivityt al l othsr px«)paxaEtioii0 O]»0»»»ia<!)t9d 
peozly vi*^ a(iti«»95^ aeet^flatod oiral^ isain* fh« pv«elpitin titsnslion 
of tho pvotoino %dth anti»95^ &o«t^«tod ovalliisdn was also gfendied 
t>y '^0 help of tox^aim^txie method and Hie ipesnilte eve di^eted in 
lite thixd oolonn of Tehle nx« Sinoe saoMfloii^on of eaino ipco^e 
of o'ralbiiciin ut*^ anoelnio and aaleie sih^fSzidea would inoveaee tlie 
net neiptti-vQ dharege of the pzoteln ncrleeule hy t unite at ] ^ 7*0t 
one taay euopeot that '^e deoyeased ii»i8»pyeeipitalion oheoTved idth 
eaeeinylated and maXeyiated oTaHmnine tai^t have heen due to eieetso*-
etaMe effeota* It vaat therelSoret tho«||it deeiitilile to investigate 
l^e effeet of ionio atxengfih on "^e i»88iopinioifitatlon of a»ti»95i^ 
a^rtylated ov^hnmin vlHi the thxee naadnally lasdified ovalhnsinef 
i*e»i 95^ aoetylatedf ^t$ saeainj^atedt and 64^ saleylaled ovalhosine 
in the ionio etxeng^ r»i@e 0«03«0«S9 in aodiiai i^sphate ^ft^y* 
pH 7.0, 
The interaction ^etvean 95^ aeetylated ovalhasin and the «iti« 
9Vtm a^ sadnat 95*^  aeetylated ovsammin init ial ly allowed ei^tifloant 
dep«Adeaoe on ionio st»m#h aa Q«i he seen in fi |^ 29« flovievert 
this depsndenoe deoxeaaed vith inoreaee in tiae of inouhation* After 
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Fy^eipitiii Tity^ioB of mMm^3i Ao«t2fXst«a OTaSLlnain apiiiirt Nodlflea 
Aatigm» 
Voi«B3« of mtlgoa 
p«r 0.5 ^ aatl* 
A£90U)at o f 


















































































































































































































































• 100 m 
9al&o T3.J, 
SwnMry of Pf^etpitln Tlts«lion of Ha)}ltf.t Aiiti«99ll Aeotylotod o^ na^ nn^ a 
InHsexoB Md^ HaHvs and floSitled 0<vallnnin pyapagatttong 
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IONIC STRENGTH 
Pis, 29. Precipitin titration ourvta of mtt^^H aoetylated ovalln*-
mln iidth 95^ aeetylated ovulliamla obtained at dlffiaiMnt tlmoe aa a 
ftmctlon of lonlo strengtht O • ft^te* 15 alnntaai / \ » attar 2 hourat Q t aftar 12 hours, -^* 
102 -
12 hotisVf th« «St%snm9 in l^o p9mm^ pftelpitttliait ^^ iMev9mm tn 
ioado tftrmi^ mm too mxsSX to havo my iliEiilio«no«» ^ i s iiDiild 
mom 19i«t the raite an^ sot th« osetcsit of aKHflKMBiti^^ voaetlon 
vas d«fOBd«at on ionlo stvon^* flio 'UA#»oottV90 of laesiiiK»pM^pit&* 
tion of tho sntiiiody vit^ ^ o sntigoiei a^  aiffoiwtt tome srlx«ngl^ a 
dopiotod in Ft^ 50 also mw^ttB 13io oontontion th«t tlio vato of tht 
iii^iBiologloaX foaotton dop i^tdo on l^o ioaio atxtaagi^, Fiom f al>lo IX 
m& fith 29 i t i s oloav l^st ^ o oael«ssl of !y»a»a«ipyooipitaEtioa iliovod 
l i t t lo or x» ohm^ upon inox«aaing "^o ioaio otx^ angtli imm 0,03»0«@% 
fhia inaonoiti^ty of l^o «iti(sm»aiitiliEid2f macition to ionio sts>ang^ 
^Siostod thai the doeiraaaod psweipitflAioa %ii12i 92^ oaooin^atod and 
64*^  male^rlatoa ovel^maina vao not duo to ^oetioatslie offoeta* 
Zt i s oonoioTable tliat antibo^aa \mf iiixaod &gainat aoot:^ 
gxoupa dttxlng tha iaamniaation of valiMta vilAi 9$^ aootylatod oiraXbtssia. 
In oie&«v to taat thia poaaiMlity oio«*»i«aotiiiity of ao«t:rlatad 
lyooKSBo ylHi the yabMt mtiaaxvui aipaiAat 951^  aeatsrXiKt^  OYaXlKiiiin 
vaa atndiod* It w€U9 fbtmd thaet aoat^ ritttad Xsraoa^ tta did not o^ aiaa 
•»y«aot act all %A'&i ^ e ^oeifle antiaavaa afSUifll 9§1i sffiotiiatad oftOi** 
liQuin. This ilioved •^ad aoat?! gsmttj^  in 951^  aoat;yiatod oi^lMain did 
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tt^ydrides of aeetiot icutjrxlet Qa3L«io and flueeiiile aolds prtfeyvn* 
t lal ly aoylat«d t3te aalziei gieups of ofallniBia aod thaft tli« yoaotloa 
wft8 hti^ly spaelfie %»i«i ^ 9 ar^jfdfldes of ^ovi^xyllo aotda v«;o 
QMd* Bine«f a ••aealiio gSDup of o^ aa^ teuslii oxiots la ao^^atod f 6 n 
C^aoltaf 19^1) • the ao^rlstion i s oscpootod to eooay oxOXuadiroly ett 
l^e ^ «»«aiao gzoupo of "^e psotoia* ^ 1 ^ tho eidi^ d3<ld«a of aono-
eaxliox^e aetdst a faw tyioo^ xosldiios of 0Yaa.1naia vom alao aodi* 
flod* HbifwaTf ao^flatlon yith. tho <sih:^zldo8 of dieaxto^isflio aoids 
did not ^dify iStie tyxeajfi zwdduoai O'vldoxtly Itie Ouaeyl tyzoa:^ 
foslduot i f and vhon fbmedf was doaeylatod di3W to IntsestoXooular 
nuolaophiUe oaflaXy l^s (Hlovdan imiL YaXloo» 19€7I») 1»7 llio oaz4)o9^ 
gfoup of t^« veagent %jhi<3h la xwt la-9ol'vod In tho eeylaetion of tym^ik 
xvaldusa* ?he oxtont of aiaylstion of O'valbusiixi %d'^  ^9 fbur aeld 
anhydridos tiood In this study wiks oxpootodly h i#or act hi^oy veaismt 
oonoantrationa, Hovo'vaiPt o^ ran at 13io hl^ast ooaoantration of add 
anhydzidoa usod (1300 molar oxoo8s)t one of the 19 lysine zosddues of 
oimllimln (^other^lX and foi^ergLll« 1970a) ooxad not be modified, 
preaaraatay due to i t s inaoeea^hllity to the reagent* A gradation in 
the aeoesaibility of lysine reaiduea of o'vallmBla vaa also ahoui hy 
the pubXieiied result9 on dinitsophenyloHoa (ato'van and Tslstraat 1958)* 
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909tfleA±on (Anearl at al*» 1975) md snooiaylactiioii (Kidvai et al«« 
197^ ) ot ovalbmaln^ 
The zomilts on polyaorylaralde 90I eXaetsophovtalQ of ov^buraln 
and i t s ehemieolXy taodifLed Ibxas showed that the tEiodi£led preparatlona 
v«ye pXDbably honoisenooue ulth respect to (dieialoaX laodlfioatlon* The 
velatlToly hii$i ooMlity of suooinylated (or aaleylated) ova3.1ns?iln 
(see Taihle tV) i s underatandahle slnoe saoh oodifloationa would raise 
^ e net negative charge on the pxoteia noleoule by 2 units per lysine 
residue nodified* 
Ovalhufain oontedne 9 tyjcosyl residues (^theifgiU and PotherglU 
1970a), all of %ihich seeei to titrafea wiiai nomal) 1^^^^ ia Gdn.HCl/urea 
fixture* The seasured P^ jj^ *^ i«o*» 10.0 i s idenHoal* within escpori-
mental errort wil^ that eacpeoted foT t^e phenollo gzoups in snail 
oottpounds (Toifbrdf 19^2) or in xlbonuolease in unlblded state (Cha 
and S«feeragat I960; tk>%tki md f mibrd» 1967h)« Ka oTalbucoin in oon* 
oentrated gpaosidine hydio^loxide solution would ezist in a OXDS0» 
liiikce& random ooil oonfbmation (iftiaad and SidQhttddin* 1976)» one 
itiiould expect no residue-residue or ^eotrosto^e interactions in 
Odn»RCl/urea denatured ovalbumin. Thust the electro static interaction 
factor tbr phenollo titration i s expected to be sexo* Ifowevort the 
actual value was aeasured to be 0«03 \hidti i s aiall but eacperlaentolly 
deteotable« It i s oonoeivable that soae i^r t range 6ileotzostatic 
interactions were retained even in ovalbuciin denatured by adn.HCl/urea 
mixture, Intere3tin/ifl.y, alailar observations were made by HoealdL mi& 
•Tanfbrd (1967b) \ho feund identical value of ^eotiostatio interaction 
tmeftov far yandoaly eolled Yll»iiiioI«a8e in 6 M gtianldino hyaxDChloxld«» 
Rtsults on phoaolie tltx«tion of o^ faHmadnt »ssmaxlseA in 
?alaOl«a V«»VII« #!ov9d thast out of 9 phtoolio gsoups of the pxotein 
(Tothorgill aid ^thorglll* 1970ft) only 4 titialad TB^mrtAVly «q> to 
pH f 1»95« Xatorttitingly* out of th@8« 4 gzoiipo only 2 titrated up to 
pH 11*4 in 1^ 9 nati'V* pieotsini th« vaeiaining 2 %»yQ SKvailaiae Ibr 
titTwHon after aoaa oonlbza^^ional eStanga in the pxotoin« 7h« alka* 
lino donaturflction above pH 11»4 was indiooted by tho noiwlineazity 
of I>indor8t»»»»I»ang plot ate've pH 11«4 as v ^ l aa by a niaiiced inoraasa 
in tlie roduead ^soosity tmm 4*2 a l /g at pB 11.4 to 7»4 ml/g at 
pH 11*95. ^ a alkali*»induead Qonfbxsatioaal dianss at pH 11.95 vaa 
readily reTsraed upon levering the pH balov j ^ 11*4* 
The eoneluglon tbat only 2 tyrosine rasdduea of ovalbiedn vara 
a<vallable Ibr titration undov native oonditiona la in aooerd with the 
previous flndinga* fhuat tmm the reaotivity of o^ ralbiKiin tovarda 
eyaaurio fluoridet Oorbcsioft (1969) oonoluded that 2 tyrosyl reaiduea 
of e^ valbmSn uere fully esqtosed under nati<9e oonditiona end hanee 
were readily modified %d.'^  oyanurie fluoxida, fha e^ qpoaure of 
tyxoalne and tryptoi^on reaiduea in the nati've pxotein aa measured by 
aolirent perturbation vere 20^ aid i7^ > reapeetively. This obaarrotion 
ia in agreaaent vith -^at aade eazlier by 8vaiasM>d at ai, (1972) vbo 
uaed 1>J> mad dbLaethyl mllbxide aa parturbsnta* Swaiaapod at «L« 
(1972) interpreted their result a in teroa of 2 fully aooeaaible 
tyroa^ reaiduea* Howeiper» -^ia vould repraaant an over aiapliflec^ 
tion alnoe tryptophau ^vea sir^iifiQant perturbation in "^e vaf<alanglh 
9«gion «f ^ymm:fiL peiPluxlMCtlfm, A aoiw xiflpxeua tvestMOt of th« 
d«ta aa d^sevlbsd t)^ Heviico^ta i«ia iiowiaan (^^a«b) tfiovad Ihad 5 
tyvoaiiM egaSi gSaavtt 0«$ tv^ n '^^ l^ fln xi»ffldu«« \mm aia99B&ihX9 to p«vlitx«» 
l»«Bta sneh at dln«th:^ sullbaclde snd 0^flmx9 ^?eol« It wuia t^ m« 
nwm thsl» of t^ ia 9 wqposad tyzoidiie i?«8lAtt«8 onl^ r 2 Mvxm aeirallatala 
^ r titzvtioii it^  to pH 11«25 %dthoiit aiiy ooaAiniatioJcifa dimgs* fhltt 
la waeei'vsia.a i^rt If the naareat nal^i^r xwt^ diiaa of ona of 'Uia 
aacposad tyxoalna xaaidua am aeKlio mino aoid yaaldtMe» ona should 
ai^ l^ aat tha mavsllahtltty of thia tyzoa^fi Meidua IbT titration txp to 
pR 11«4 t»T pitraly aIaot»>at^lo Maa&aa* Upon fihaetleol aodi iloiatlont 
tha una bar of aa^aad aataisigllo dtvrem»'^ov99 Inovaaaed aa &^ %ii l!^  our 
aol'vant partttrlM{tlf)ii vaaolta* 9iirtliar« aa aoisparad to nat l^ ovaXlMRdn* 
tha mdlflad ovaDnnina vara Xaaa ati^Xa «id h«nea vera laora prsaa to 
aUcallBa d«iuitisratloiu 9hla aeootaita fi>r tha fast that tha ^dlflad 
oir^lmalBa ao«Cld ha rvtarslhly titrndad only i;q^  to pH tO»9 liiara 1*9 
tyxoayl raal^^a %fara lealsad la aittiva «id aleut 3 la aaadmaaiy siodl* 
tlad a^ ralhraaiaa each aa 92% aaeaiayl«lsad (or Hi aala^lsEtad). ^»prt«> 
•la^yt only oaa tyiR>ayl raaldua aould ha tltr«tad «9 to pR io«9 la 
^ ^ hiityratad o¥all»s? l^a» fha ramaoa la not lioisiadlettaly <^aar to aa* 
Tha daaraaaa la oltravlolat ahaorptloa of aodiflad oTsahtntlaa rwMlad 
^s^ atkm chroaophoxle raal&iaa of eiralhunla haaaoa aatpoaad upoa 
(tiQialaal nodlfloatloa praamahly due to eeafbxaatloaal ehangaa la ^9 
aodiflad oYalhanizia. 
Cott^nolng avideaoa S>r tha ooafbmactloaal Ohan,faa la tha 
QhamlealXy laoai flad ovalbiiEitlna vaa p»i-«tdad 1^ ^al flltrafeloa and 
vlaooalty data. I t should ha polntad otit that laie gal flltrotloa 
t»«|i(Kvldy of a fsotein aol@<^e d9p«iid« upon i t s Stole^s ra^ua* %is 
has iMHn •arloB^T^y eiplottod l»y a numtiMP of miffrnTu in d«it«etliig 
Qeaf^sssUonail dttmmn in pscitidas (Riii>«aait I9^f 19^ 71 Atasdl «iA 
Scaliidlf 19^1 Atsm&iw I970t Jaooba4» «t aX«t 1972)* Th9 ml tiltm^ 
^iea data pmwmt9& in f alil«9 ni«>^7 lAeaaay ihi&it a&iac9d oa^mslim 
in ovaa.lR»tin miXeetiXe on aaylsebton of i t« niao gRie^a* ^ i a i s 
a'vidant fiom en ineT9aaa in ^tokas radius vii^ in i^paaaa in iSm aaelant 
of aeration* 
PttMiiliacI TOsuXta (saa Kisiits » d K«HHaaniif 19741 fa^T^ff 
1974) on Hia hf&m&^Bmie f»9p«rtia» aiiflli «a ^aooaitsff f^otioaiO. 
x«£iie «id aoeond 'viTial ooaffioigKit (fmS»t^ 196t) snggatf^  thsl Hia 
nsti'va psi»t«in istoloouXa aadata in a oosi^ aot end ipuo^ n^Xar ooafbrnflEtion* 
fha pxenouneaa inoyaaaa in <«taooiityff fklelioaail. ^aiHot fm& axial 
f«lio upon Qhasiiaal i9od&fie«tion of eteHlmdn mgmi^9 axkanaiii* 
imfbidtng in l^o psotain aoioonia, nsoealty aaasnfanoRla #iovad a 
t«oS»Id lAoraaaa in Itia affoetid h^ fAieodsiiaBda loiima of oiralliiadA 
npon aoylsHon of i t a 19 l:fein9 f«8idna«« A etmpaalaim of tlia intiinaie 
^aoosity of aaainally nodifiad ovaaistiiina (^7«4 al/g) with thaiSi 
i 37 ml/s) aoaatifad fbr oomplataXy anlbldad o^ va3.%i«d;ji (iihmad and 
SaXahuddint 1976) etiowa that ^ a hjrdxodjnoiio ^inaa of ^ a oxoaa-
linkad randoisay ooilad o^ailiiaiiin vas oonaidanyeO^ Iti^ay (3«9 Ibid) 
than that of an^ ana of tha aAalmaXXy aodiflad oYiabuaina* I t appaaapa 
thsd ^ a vediftad oTaihumin pipapandioaat lika '^a haal danatttrad 
oT^htnin (Built 1940) os* aoid and haat danstuxvd Ijfaoa^a* ift1|)onc»-> 
laaaa* mA o(«*oh s^iotr2rpainogan (Anna at ia*» 19^7)» yataln auhatantiai 
native atTuetuxa* 
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Confbimactional dhangea in pxotaliiB produced by ao^aition of 
th«iv eraine ^xovkm havop thus fart ^9«i invoxlabXy attxlbuted oxoltt-
sively to eloetxostatic vepnXsion* Aeoording to this pxoposalt 
ino3P»ase in t^9 neit nAjpctlve ohar^ on the pzotein moXeoula oaueed by 
aoylstion of i t s anino gmtips ra&Ms i t s (dootxostatio freo onergy and 
th«x«by d«8taMli89a the nati've pzetsin oonfbxmation* If this ^ew» 
point i s oorroot one ahould eatpect thart; 13ie oodifled pzotein vith 
altered stxuoture %ould re^ mrt bade to i t s naitiiro oenlbmation on 
raialng the ionio 8trsn«r^» ainoe 1die latter \«ttXd deoreaae i t s eleo-
txostatie free « ier^ by inoreaaed tfii^ding of the pxotein ohar^a. 
Thusf tlie roolQOular expansion in bo'vine aerm albuoin produoed by 
sueoinylation of i t a 80^ amino gzoiips (Jonas and Viebert 1970) oould 
be reversed on raising the ionio strength of the pxotein solution to 
1*0* Siiailarlyt eitraoonylation of mSxio groups of huaan iiarauno/Ao^ n>U> 
0 (Hakagava at al«t 1972) and i ta fragaenta (Haka^wa et Ql*f 1974) 
pmduoed considerable expenaion in l^e pxotein noleoule %hioh was fully 
rs'versed vhsn the ionio atrength vaa inoreaaed tmm 0« i5 to 1* 0« 
Further e^denoe that eleotzoatatio interaotion ia responsible fbr 
protein uniblding ia proidded by Die modifioation studies on st^shylo* 
ooeoal anteroto3dn B (Chu et al«t 1969)* i^^ ereast suooinylation 
pioduoed signifloant oonfbxmationaX ehan^as in the protein moleouley 
guanidiBAtion vhich did not change the net protein cftiarget had no 
untoward effect on the prstein oonfbaaation. Hoiievert the contention 
that the inereaae in electxostatic free anergy of a protein during 
aoylation of ito andno groups ailone i s responsible Jter tho oonfbnsa^ -
tlonal cJimgeo in -ttie Tijodifiled piotelns does not eeeo to be fUiiy in 
aooord with our observations on acylated oyalbuains* Viscosity 
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•%WBgt9is In th© ionlo »*3p«B#h rmgis 0.0V1.0 ham el«ajay tfu»m tha* 
tha aodlfled pn»t«l2i did not r»tbld aompX«t«Xj s^a raioina l^e lozilo 
8tMii^ fioa 0,01 to 1.0* fh© mln^ ot vednead tiseo£dlt;r at lozilo 
stS(pigCh 1.0 (6.2 al/g) was sabstantlally hl^mt (^ 50^ tfcan thm 
vaXtia (4.2 al/g) olilalnad fi»r tho noU'fB pt9t«la. iPttzthor* i t i s of 
iatewat to noto that th« aeylotion of 18 ly^Uio Msiduoa and tii« 
Inoroaae in tho ^ of omlbtxaln solution fvan pR 7*0 to 11.a ndood 
the net negotlifo oharae on the protein noXeeuXe to the sane extent btzt 
the xvdueed ^soosity of 95i aoetylated oTqllmiBin vaa dhout tuofbXd 
hi^er than «ial aeaaured flir o^ mXhumin et pR 11.2. In addition, a 
oompaslaon of «ie intrinsic ^eooalty of 9Zi fRtoein^ srXated o^albwdn 
at pH 7.0 (7.7 al/ff) hnwing 48 net negatiTi charges nith that (7.2 al/g) 
tamiA fbv 93i aoet^ated oimlhtsain %dth 30 net negotiw ctiavg^a 
euga90ts ^ a t l^e extent of oonibmatlonaX (Aimm «aa not ecMmansarate 
wi«i the inexeaee in the net ne^atiipe oharipi (or inomaae in the 
eXeetroetatio free energy) oaneed by aoyXation of oiraXhiiain* It ahotad 
be pointed ottt «iat the hydrodjnaaio wXwie of $3% aoetyXated ovaXbtieiin 
i e sone^at aaaXXer than ^a* of elt^ier 90*8 biityrated or 97i^ saooin^u 
iated o^ raXbUQin. It votiXd thus seaa that ^ o introduction of batyryX 
or succinyX sranp i s ooro XethaX than aoetyX gmv^ to the nat i^ 
protein oon&mation, Thi® by iapXication wtad ttean that eteiie 
hindrance caused by the intn»diietion of baXKy ao^ gsoupe i s aXao 
inportant in destabiXiaing the protein eonlbXQatiexi dairiag cdieaioel 
noditlcation. FurthesBorst the Xosa of fai»rabXe hydxophiXio inte». 
action (or protein hydration) stablXiain/; the natiya protein• due ^ 
the oonirsrsion of charged gpiino groups into mioharged one throu^Ji euah 
sioditloactlon as aoet^slion n»d tnityyulicmt do«0 not seoa to b« a 
ai^iifleflnt faotor In «3q»laliil2i6 "^9 oonilymalioiiaX ohangffQ in oodlfivd 
OTaltHMlns lHK>aits9 eueoinjAstion %foiah svplaets a peslti'va eharm ^ 
a n«jpKti-v» ono <ao that pxot«in hydration i s net slpdfLoantly influ«io«^ 
(Kinlts end Kmmmmsif ^74) vaa aqtialljr «f£ii«itlipa in ^antptlng ^ « 
nativo p»»t«in oonlbzsiation. In oonoXutflon our zvoulta «ig^at that In 
addition to eloetiodtatle Intoraotlon other faotora aiioh as atoxic 
hlndranoo ^ould eOim bo in<^koA to aeoount fi»r '^o dastaMHeation of 
^ 0 natlYO pzotein 9on£bxastlon by aoyXation ot i ta mXx» gaeoupe* al 
laaft in eaao of ovaHnsaln, 
HeouXts on tho antli^anioitlos of tho isoditLod md vsusodltlod 
ov^iiumind droved 1^9^ tbe loaa in the natlt« piotaln oonfomatloa due 
to aoylatlon of i t s Xyelne re^doea pioduoed alaoat parallel deereaee 
in paotein mti^viieit/ft Thia la in aoaord %dth the eatiA»lifliied v^ie^ f 
Hhg^ the iimiaiological aeti^ty of a pnitoin antigm etron^y depends 
Qpon ita oonfomatien (4nflna«nt t975i Crttspton« I974t toifinaen mA 
S^eraga* I975f Ataartf 1975)« Pragreaelfe inerease in < e^ «»ctent ef 
ao^flation of aolno gmttp9 of ovalhaRiin e^aed toesfeaalng diaxvption 
of tl)o nati've pxeteln oonlbmation end a parallel deoraaae in the mti-
ganieity of the piotein, Aaaimlng that o'ViAhtaiia oontaino 5 antigaaio 
detesoinanta (singert t963)» our reaulta %0tild aag^at t^ act aa laany aa 
5 antigenie detesminanta were lost ttpon naadLsnaa aodijQloatlon of the 
protein* It ahauld he o^i^aaiaed that the deorease in is^ iniunologloal 
aetiiAty appeared h l ^ l y oooporatlve. Thnat ?^dilioation of about 7 
amino gmupm of ovalhtMin v^oh prsdueed 141? inersaee in the iJtokea 
radius of tho pxotein» osniaed i5t deeroaae in ismuaologloal reaotivity 
lAioxoas aoditlosction of an adaitlonal |2 ^ o^nixio giZDUpa Inox^asod th9 
Stokea radius by only 6f iKtt govs viae ^ $0^ vaduotion In Idia ososa* 
vaaotlon. Thaae xaauXts aippaar to aosai^t thai oat of tha 5 antlgwiio 
Aatamlnmts 2«at In aaadnalXy aodlftad o^aDHaslna 2 aora pmama^y 
leeataA In a mall 8t!rttotiixad raglon in ^ a^ psotaln nolaoole %fooat 
aiaYiiptlon e«i8«a l l t t l a Inovaaaa In tha Stokaa «adliia» bat a asiScad 
daevaaaa in I ts mtigoololty* Zntax«(s i^n|0.yf MgiivdXaaa of the nsi^uf 
of ffitaylng aeyl gsoupa auxlng dhaaleiCL aodiflaailoat a l l of tti9 4 
aaadnally aodiftad ovalhuralna xvtacUiaA 40^ iaE»iiiolo£Eieal vaaotl'vlty 
v l ^ mtl-o'ralbuiain aatiaaxvB* ^iggastlng thax«1iy that tha natl^a 
fbsaat of oTalhursln vaa eliallar In ^ a 4 aaxlaailly aodlftad oTalbunlna* 
Raaulta on tha li^unoloeEloal Mao^-vity of otalhinla and i ta 
aiodlfled Joints vlth antl*95^^ aeatylaclad evflkllwttin antlaann au^s^stad 
thst 95i aootylatad ovalhiidn la tmatsieloflloally dlstingyihaibla fsoa 
92i auoelnylatad (or Hi naleylatad) oirall»»ln« I t ahould ha aophaal-
sad that tha daeraaaa in laaiaiaprQOlpitslion with 92$ auoalnylaEtad 
(or 64^ maloyXotad) ovalhissin cannot ha ottzilMtad to alaotsoalalia 
affaeta hadaaaa inoreaaa in lonlo otranglh twam 0*09 to 0«8 had no 
dataatahla affaot on laiaaQoIogioai raaotion* yttrt^ar* *ttia paro«it 
ioaunopraoipitatlon (72^ ohtolnad with 90^ hotyraelad oTalhuodn vaa 
8l0iifLeantly lovar than that (100^ tuvanA %dth 95^ aoatyldtad o-val* 
hmain* Thia aifteronoa ia o^all hut aspariiMiitally si^niflomt and 
oan ha attrllwrtad to a small hat ImaunoXogioally dataatahla dlffaranoa 
hatviaan -ttia oonjhnaatlona of tvo (maximally aodtflad oTidhuBilna piotldad 
no mtibody was raiaad againat tha aootyl gxoup of 9^ 1^  aoatylolad 
ovalhissin* That Indaad i t vaa trua vaa ti\ova hy l&a faot that aoatylata I 
• 114-
Xymzm^ did not exDB»»S9flot st all \A^ ihm ralAUt as^imwm a^al&ol 
Iisitanolo^^oal xvwilts %dth antlHSTeillMMin sBid aiitl*951^ ae«t|aeEl«A 
ovalbunlA taken to gather Mktb. the hydmdaAanle yeaulte seem to ea^pat 
that the natuxa of veaidodl nati-ve :ebi»at in ^ « aaiditially mditLed 
O'valhtsalne ia ihB saeio vegavdless of ^ e t^p9 of ehetaioal modiflootion* 
Roveveri l^e oonibzmatioiialiy alteiped vegLeae ia 19ie 3 aaadsiallsr laodi* 
fled eyalhamins nsRtely 93i aoet^ated» 90$l hitt^ rraledy ead 92i sueeln^ 
lated (or 64*^  mele^Aated) oyalhusdns \mm imtnoXogleelly distin^tiah* 
aUle* Preeuaaiayi the altered reglmie in the 3 aaxLaally sioditied 
0•albumins poeaees different oonifoxnationa* 
R3F13RKKC1^  
Ackers* O.K. ( t 9 ^ 7 ) t J* B i o l . Ghm&m MZ» 325^321B« 
KAe&Tf O.S, (1927)» J . ite. Chara. Soo. JOj 2524*2525. 
Ahnadf ?• (1974)* Fh.D. 7h«al8t AligaaHi S^ ta^ Lln ^aSirmP&ktf^ Ali^casli* 
Inaia. 
Ahra i^ F.t and Salflhuddlat A. (1974)» Bio«h«d«t»y J3i 245*249. 
HmsAt ?*• ana saiAiudain* k» (t976>f Biodhv^tflvy iS t 5l66»5l75. 
AnAxvws* P. (1970)* Hol^ae Biodian. Anal, ^ t i»53» 
Aii£liia«n» C.B. (t973)* noiimm JELlt 22?»250. 
An£lng«in» C.B., md schdvagat H.A« (I975)t 4AT. fxetcln Qiam, ^ t 205. 
300. 
Ansaxi» .\.4,t Kidvaif S.A.» md Ba2.sliuddiii» iU (1975)* J« Biol* Chara. 
25ai 1625-1652. 
A&saslf A.A.* and Salahuddiit* A. (i975a>» Bloah«iii« J. JCSH* 705»7l1. 
mma±9 A* A. 9 md SeH f^enddlJii A« (l975l>)f Bar. J . Btoahan* JQ^ 290»296* 
Ataaai* ^.Z. (1970)» Bloohlm. Blophya. A0ta jgSl* 6t3*622, 
Ataasl* M«^ » (t975)» Issauaoflliaiiistry i2f 42>453* 
Ataaait M.£.» and t^^aidf B.J. ( 1 9 ^ ) * tmmodtimlaivf £9 25-54. 
AtBuat K.C.t BaXiiiuddlnt A. 9 '^B3^m.m$ ^ .H.^ and Tmlbxd# C. (1967)9 
J. BloX. Chan. 2429 4486-4439* 
Sacieoxi»iraiay9 A* 9 ^oohooicd* B*9 end azohllaiit I). (1969)9 BioohlBi. 
Blophya. Aota. Jiai» 295-304. 
Bo«ftanoY9 ^.P. 9 Ka!9«r«a«Ta9 S.D. 9 md Mdra^rfa* A,P . (1964) * Blodila, 
Blophys. Aota §^9 69.73# 
BUII9 H.B. (1940), J. Biol. Chm* OS i 39-49* 
- 115 -
- 116 • 
BQllf H.B«» «id Brteaey K« (i968)f 4rQh« Blooh^gi, Bloph;r8. 42g» 438*496* 
Biaif H.B., md Broesof K. (I970)t 4«*i. Blooh«ia. Blophya* jai» 299-105. 
B«itlert P#J.O. f HarrtSf J . I . , Kartlo^rt B.3.» stid L^bommi R» 1^9<59>t 
Bio«h«ei, J, Jjt2» 679»6d9« 
Bwtlert P.J»Q,f md Hartley, B.y. (1972)» Meiawda 15n»»»ol. 25» t9Vt99. 
Coon, J,R. <l949)f J. %. C!\«i. iioe* 2S» WMO^* 
Cflcnent H«K.» Kibrlok* k»§ m^ PdOjaeTf A,H« (194l)« Aim, H^x. \oad« 
I'd* itif 243*266* 
Carl9«i» J.B. (1975)f Anal* Biooh^si* M i 59»99« 
C«rrt C.\., (1953) f Arch. Biodiou. Blophys. ig« 4l7»4a3. 
Caotdlllnot l'*J*« (Ad Baiiceri R« (1968)t Blo(3li«8i«try 1 , 2207«2217. 
Chat C.lC.t end Bcheragat H«^ (I960)i J» fm. Cham* Soo* ^ t 54<»5B, 
Chtt» ?.s*t Craryt H*, and Borgdoilt K% (I969)f Biocharalatapy fl» ^90-
2996* 
Cramer* J*L.» and Heuberiear* A* (t943)» Biodi«a* J. XL% ^2-310. 
Crumpton, M,J, (1974)i ia The Aiiti£6«ia (selat a»ed,) Vol* Z9 pp. v78 
Aead«!ilo Preest H«w toilc* 
Cu»iiiii^aai» I<*^ *» Ciouaef H*\H« tsid i^rd* J.B, (1963)* BLoohla* Biophys. 
Acta 2St 379«381. 
Citimiii^ait L*Vi*» ITaenlce» B*J«9 and HueQk«« K*l{, (1957) # Biodila* 
Biophys. AiBtn. 2§» 660w66i« 
l^ aiAat B.J. (1964)» Ana* N,]f, Acad* Soi, 1,^ ,1* 404»4a7* 
'^ayhofff M,o,, Fe i^o in , O.K*t and MaoHmaat 3>.A, <l952)t J. %«* Ch«a, 
3oc. j[4» 2515-2517. 
Mmnt H,B*F,, and PtfiAisa* R.H. (1968), Blodh«a* J. 109* 3l3r-314* 
^aoTan, J.^.., aid ifapeat C.J. (1976), J, so l . S'd* iigilo* ^ , 197-204. 
Plgwln, M. (1954) • J. Biol* Chaa. ^Sfit 77V784* 
Folln, n . , m& Clooalteu, V. ( 1927), J. Biol. Chaoi. J2» 627-650. 
- It? -
FotilXt C«V«t and HolHn^nor^f M» (I923)t J* ^« Ch«a» Soe« ij^t 132CV 
122B. 
fyanooist C»t llaxthallf H«Xi»9 and Heit^r®97i A* (1962)9 Biodiosi* «^ |22t 
335-341. 
Fraser* 4«H«t Hampoxayt «7,J.» Waig» J,L«» anA ld«la«m» (l,!l« (1976) t 
FJ»C. Ha*, ^uafi, B d . OSA XJt 790-974, 
Oil]ae9e« l««\«« a»d P^ithdrglU* J*B, (1967)9 Bioefo«Ri* J* JSllt 39 p* 
Qo1lfil>«y88V» H,F« (1967) * Methods Bns^aoX. Xi9 317W322* 
Ooitfunoff* M,J. (1969)9 Bio<3h6mi9ts^ fit 299V2998* 
Gordon9 «^A* (1968)9 J« Blol« Qhm* J^ ^U 46t9»46a9« 
0rateer9 P. (1955)t «^ « I^miol . 24^ 9 158, 
aimther9 Q*H«9 ^atag9 J«I'«» X«iiava9 Z»f C«milai^ai9 B«A,9 ^ d '^ •X)Baa9 
0.* .^ (1973)tPioo, Hartj. Acad. Sol. OB A :8a» I0l>.l0i6. 
Hal»e«t>9 A«F.B«A, (1966)» Bloohlm. Bioph^ TS* Mta i21t 2V25. 
Haa»0Ql>» A,F«S,A, (I967)t Ardi. Biodiaa* Blephsra* j|21» 65a»664* 
Ral»9«b9 A.F.3.4.9 C{i88ldy9 H.a, 9 end Bm^ir* 3«^* (199S)9 Bloehlm. 
Blophy*. 4ota ai» 587»993* 
Hairwia9 I . t md «kaliorl9 B. (1960)9 J. Bloeii«a. (Tokyo) i 2 i 513-527* 
Reidalber/?8r9 M*9 gnd £asidall9 ^.B. (1935)9 <7« Bxp« Mad. ^ 9 697»720, 
Heyafco"9ltB9 ^•^,9 md Laakovalcl9 ^. t ^r. (1962a) # J. Biol. Chaci. 22tt» 
24av2492. 
HoTfikoTlt99 *J'#^ .f end Lae^wii!:i9 U^ • J*. (I96afl»)9 J. Biol. Ch«B», g-yy. 
3418-3422. 
Tf«rdcoirits9 ^.l^.t and I»aifeovakl9 M. 9 Jy« (1968)9 ^. Biol. Cham. 2£X* 
212V2129. 
• 118 -
Herakoidtst T«f«» and BOXWIMKI# M^^ Sr, (19^8A)t Moehacalaftspy 2 t 252V 
25?2« 
Hantfco^tSf ?•?*# m& SomuMKit ^l^^^* (1968li)t llodiamiatvy j^t 2535* 
Hlrsf C.H.U, (1967)» ^•thoda l3nasB»l, ^ » 548»555. 
33,9 94-98, 
I«t»al» y . t and Iaott«» H. (1976)» J. ^ o o h « , ifekyo) 3^9 1309-1321. 
Jaoo1»son» C,« fimdingf L«» ^ l l e r * N«p»H«9 aid 3tMCi«|^ iaydt J, (1972)* 
Bur* J. Blooli€5i. 3Sl$ 393-402. 
^affiieket R«t Sohraidt B.t and Kisoft 3 . ( I 9 ^ ) t Bioi»iaaifl[try ! • 919-926. 
J« i^one» F.R. (i958)t Nadoxe jgjl, 1346»1347* 
Jlrgongoii), 3. (1966)» «r» mo l . Cham. 24i> 4855»4860, 
Johsn-BOiif P.G.t Marahallt ii.!>», «nd Htubergert A. (1958)t Hatur« iqf. 
1345-1346* 
Joh^sQUt >'*<^ *i Mar^«lX» E.i>,9 and H«u1»rg9ri A« (196i)« Blooheia. J. 
M$ 518.527. 
Jonast ^ t «<* ^«l>er» 0 , (1970), Biodiaaleftry 1* 4729-4735. 
Kabacit ^tV* <»id May«r» M, (1961), Ka^ovlaaitaX XnaiflEiotih«ntl8itx7t did 
ed.9 C.C, Thoaasf Spxlagflold, I l l l a o i s , 
Kokvidc, R.A.9 end Couiflnt K.K. (1936)t Bioifo«i« <r. J2i 227-234. 
Kidval» B.4.* Jtnsmly ^A. , and Soleiiiiddin, A« (1976)# BioiJhaa, J, f5«^ « 
171-180. 
Kll«y, M.L., UtkxA^tt O.S.t aid S(diijik«» R.T. (1976), J. Biol. Chan. 
2^9 5490-5495. 
Klaiaei, J,R» (1967), Methods i^ uiyiaoX. XX* 584-589. 
KlAts, Z.U. (1967), Hethoda Sossnol. M* 576i»5aO. 
Klots, Z.M., and Keze8£te0-Kasy, 3, (1962), Hoturo JSUI, 900-901. 
- 119 • 
KIotE* T«!!»t *^nxt±np X,C,» m& UdCanm^y^ B«L« (1965)» Blo^lm. 
Blophys. 4fl*a JffiQt 104-110. 
Xoaitftt I.^\f ^d Ksjoasflont v^ , (I974)i KArm P«ot«l& Ch«i, ji^t 239^34^. 
Labotiessot <7»» !«id OervaLsf J^. (19^7) # Bar. J* Mociias, ^t 2^%22% 
L0B^m^9» s , t and Ukarjmot J« (t97l) • Biochaou Biophys* Koa. Cosnoa* 
^ » 683.687. 
Laakovakit M.t Jr . (19^6) t F9d. Pxoo. J£St 20.a7* 
L^rmtf T.c.t ana Kint»d«r» J. (I964)f J* (%x(MM;tog. ij^t 317-330. 
Llzidanrtso»»I»mg» K. (1934)» Ceapt. Koiid. frsv* L«^ « Caxl»toiirg» j;|t 
Ko. 7. 
Longsvorth* L*0.» Coment H*Ji. t md ia«yUmMt «^A« (1940)t «r. Am. Ch«a. 
Soc. i2f 2580-2590. 
I>ovry» O.H.t HosabxDu^v H,J.« faxTt A I^*.t f«id Eiicida3.lt Ii.J» (1951>« 
J. Biol. Gh«a. 422, 265-275« 
MaiiiPhoraont C.F.C,, Heidolbergort M«, #id ^kiom* B«H, (1945)» J. ^ . 
Chora. Soo. ^ » 578-585# 
MacPhoraoni C.l'.C., Mooyot 1>»H., and lioagsiovlte, l».a. (1944)» J. Mol» 
Ohoa. 45S. 38V3B2. 
Mandolest S. (1960), J . Ctnoaatog. 2$ 256»264* 
HomMikt J . f dad Hovltt, L.F, (I929)t Bloehan* J* 23> 1079*1039. 
mist^Ln, C.P. (1963), BioGlv0t!i. J. j ^ ^ 127-154* 
i*joTO, S. , and st«ln, v^ .H. (1954), J« Biol, Ohm, ZXIL9 907-913. 
Nelcjsgawa, X., CspotUlo, S . , «id Jirg«aa«oa», B, (I97a)» J. Biol. Chsn. 
M » 5703-5708. 
Hflkagpaiirft, I . , Uaw, U.T. , oad Jlr^^^aonst B. (1974) • lasitmnc^Qmistry 
jQi 48V488. 
Haxita, K. ( I96 l ) , Blodhoen. Blophys* H«a. Coianitin. J|, i6(Ul64« 
Houberg^r, A., Ck>tt8ahal^, 4 . , end Manftiall» H.l>. (1966), in (ilyt»» 
pxotalns (Qottoi^alk, K* ©d.) Vol. 5f 9P. 273-295. Hlsa^er Publirfi-
ing CompiXiy, ^stardevi. 
« 120 • 
V^gSmTgWt A«i mt MavHiaPLlt H,l), (1966)» in O3l7oepxot«liis (Oottsetialkt 
4. «d*) ^ 1 * 5i pp« 299»91<St BXse^er PQbXiflhiag OGBpsi!iy» ^stexdm* 
ifiUf C*I«t and ?ra<nlMil,*>Conx«tt H« (I953)f •?• Aa« Chfln* 3oe« JEZt 388a» 
5885. 
K»edcl» T, (t972)i Methods E^^nol* 2gf 4>*50. 
Bbsaklf Y»t «A TflnfbvAt 0« (t967ii)t J. feu Ohfln, Soo, ^ t 756.742* 
Hosflkit X.f md T«il!bvd» C« Ci967b)t J« Aa, cai«n, Soo* jQSL* 74a»749. 
OttMiRf U« (I956)f Coatpt» H«nd» frof* Lid)* Oaxaib««g S^Q* 21V270. 
ottesmt M,« aid nstetgaaxdt B» (1964) • Compt* Rand. ?rav. Lab* 
CwfiLBh^m MB 187«198» 
Ottttsfint M«f aad Vjollflnbergdyf 4. (1952)« IfaetUT* 422t 0OV802* 
OuditefOonyt 0» (l949)f A«Jta Pathol. HieniMoI. 3o«id« 2St 501^515, 
PofOAflnni 0,^. (I952>t J . Om. Phyalol. 35i 7lV7a6. 
?es9A«nf 9.E« (I955)t Adv« Piotoiii Chen. J£lt V50. 
Psl80o» G.i dITdiiiOi B,t Popet ^Ut ^ d SealflBi^et F. (I970)f In 
Ch«aioflai Heaetl'vity and BioXogioal Bole of IPunotlonal &3»t;9s In 
Hisjaes (aeielliet H«»,S«, ed«) pp« 107*145. AeaAeaio Pxeest Hew Xoric« 
Qaaiat ?^.^t and Saltahuddint A, (I977)t Blodhia. BlopHyv. Acta 4Q0. 
515-522. 
Hhedee* M,B., Asaxl, R,t end Feeneyg R.H. (I956}f J, Biol. Ohen. 2 ^ . 
599-408. 
RidailbvAff I>,». (1964)* J . BloU Cham, 23S.9 1079* 1066. 
Blordfln» J.P. i md Talleet B«L, (I967a)i Kifthode Ehajool. jUi 570-576. 
Hloi^ant J.P.t m& Valleet B.L, (I967b), Methods aajpnol. Ji» 565-570. 
SrtXahttddlnt A.t and Tanferdf C. (I970)t Bloohmlst»y ^t 1343-1547. 
Sdheilnfinf J. t siapaoat R.B., and Kmtmmmt w. (1955)» J. Am. Chen. 
Soo. 15 . 5153-5154. 
Shlat>» T .^"n., Lw9sy# R.» and Rajendort S. <1972)» I3ur. J. Biocheo. ^ , 
577-585. 
• 121 -
Slai5«rt s,J, (1965) t l a The P»>t«in© (Houmthf «<1*) ifol. III# pp. 38)^ 
357f %BaAemio VveBO§ New 7o2lc* 
Siai-Wif M,B., aaA Bockf J . ? , (I9^2)f Nature J93» 6f?a*8rr9, 
Sffllthf W.B. , and BadCf J.P. (1965)f A»gt. J. Biol , Sol. JSf 565«3Tr. 
Salth, fl.B., end Badct J.F. (1970), ilusl. J . Biol. S d . 23 , 122V1237. 
Staxkf S.R. (1967) • ^fathods liiasiaoX. J l , 590->994* 
gttvmt P.B.t and •^ilotrora, O.H. (1958), Bioohea. J. ISt 179-182. 
3«nt P.^. (I969)t ^rbh. Blobheu. Blophsrs. J22,» 41V415. 
Sv8&sfl9od, H. f Bnxenot V..B«, .iursndf L.^ .^t snd Co%iaa!i« H..\« (1972)« 
J. i\^. Pd. (Jh«a. ^ , 1158-1163. 
TaJ»T*yt 0. ( 1974) t ^dv. Pjoteln Chora. 2St* V21®. 
ffllibTd, C. (1961), Phyoloal Chanlstry of MaotoiaoloeiaoQi John Wlloy 
and Sons, Ine . , How !foxk« 
Tan^Td, C. (1962), \dT, Piotoln Chea. J2» 69*l65. 
f « i b i d , C., RsmtiBtein, J.i>.t and Hgnde, ^^.6, (1955)t J. An, Choi. Soc. 
X[, 640M415. 
TflBfbxd, C*, and Kohextst G.L., Jr. (I952)i J. M. Ch«n« Soo« jj^t 2509** 
2515. 
Tarwtlno, \ . L . , Pliamor, T.H,, J r . , and Mai©y» P. (1972), J. Biol, 
Choia. 247. 2629-2651. 
Thoapoon, B,n.p. , S l e l ^ , E,li. , and i^ Ml-Gi, U.B, (I97l)f 'Snot. J. Biol. 
S d . ^ , 525-554. 
Tonlmatfiw, Y., and Gafflold, v», (1965), Blopoljaowi JJ, 509-517. 
Trevolyan, v-.n. , slid Hflorlson, J.S, (1952), Bioohoa, J. 52t 298-503. 
nneent, I . . ? . , Harrta, l3.Vi. , and Yavex^ima, S. (1969), iBaawtiology Jl§, 
14V147. 
Viada, K., and Oktmi&i, E, (1968), J, Bloohoa. (^ok^) §^$ 667-6B% 
Viotlgnfor, T),3. (1962), \dv. Fiotoin Chem. J j t 505-590. 
\^ill«O0on, L. (1967), Gonpt, Hand. ^r^'r. I.ato. Caxlsboyg. Jg , 24%.265, 
Wiamtfi* K«L«» fbtSierglUt J,B,» and fo^o«glU» X*iU (I972)i Bioohea* 
J» i2Z» 775-760. 
Xttiaxif 3«t flRd Bov»:rt F«4« (i96o)> J . BLOI, (ai«B« JQS* 28ia.2^6, 
Xsngf J*?*. (19€l)f 4dT, ?iot«la Qiom* j|gt 32V400, 
BIOORAPRX 
MohaoQiad KWl Qaedn VM lioin In Aligftth ^i Fetonmanr 26* 1932* 
Attar veeaifliig h i s pxlaaTy edueadion fjeom ll«Q« Hi|^ 3cAiool# h« jolxi«a 
AUgaofc MtisXim tfeiwrcdty l a t967« Ha vaoiltvd iila B,3e,(}toii») 
dagr«6 In 1971 find M.Sc« d«gaw« la Blofihaoigitcy l a 1973« Ha was 
enzdllad as a ?h*B. stttdrnt of Mooheedatxy la tha Bapaz^ant of 
Blochealstry, J.K. i4a«H>^ Conage» M««»f JOlga^t l a Januasyt 1974 
aad yaoQl'vad his M« Fhll, dagraa la 1975* Ra l a a saabar of tha 
Society of Blolo^oal Chanilsto (India)* 
- 123 • 
-«»-
W^ OF PUBLIC iK?I0HS^ HBSBRTiffI0H8 
t* "^oiaMitioa of tvTomvi Qroup» iJ^ O v^siltKnln undor lfati'v« and 
D«ni«tiivliig Conaitioa*" 
!^ , A.I1UI Qasla and A« BaXshuddin 
Blo<flila, Blophyo. Acta (19T7) $ 4^^pm 5l5i-522« 
2» 'Kaiavaotdxiaation of Stable ConiEbmational Staftes In Osea»Indaoed 
•fransltidn In Otowiooid** 
Midol VsAaedt ?!, Abul "^asla.and Jl, Salnhudditt 
^ y . J, Bioc i^om. (t977)t M* 38>.590« 
3. "Studle0 on iktme Pa»p«ptloo of Sh«ap ?io»sl taavaaogSLobalin*'* 
M, Alral QastSf aad A« SaXcdiuadin 
Ind. J. BlodiQ?!!. Blophya, ^1976), Ji2» Pl?» 
*^ 'i.wta»4kUon of lyroayl Groups m o-^imgiin unday Hatlva and 
Danoturlng Conditions" 
n, \bul ^asla» and .\« Balahuddln 
Ind, J. Blocham. Blophya* (t977)» J i t p 42. 
5. "Bffaet of ohamioal FtetUfleatlontt on lonimologioal Baha^or of 
Oralbtr t^ln" 
M, \bul f^ialm* »ad *^ Balehuddln 
PxDOaadlngs of the 46tli Aimual Heaitlng of ttin Sooiaty of 
Blolo^eel C^iaoista (India) h«(Ld at ^advaa ftoa Saptanbar 22^75* 
1977, p7% 
6. "^ffoct of Ac;5dstion of teilno Gw»upa of Ot^bwaln on Pi^taln 
ConfDXoatlon" 
Pxoeoodlnss of tho 46th Annual f^ootlne of the Sooioty of 
Blolo^ojil Choralato (Xn^a) hold at Madraa fiRia Qoptoabar 23»93t 
1977, p69. 
- 1?4 -
